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Abstract

Alcohol-use disorders are partially defined by high levels of alcohol consumption 

that persist despite “a persistent desire to cut down or regulate substance use” 

(American Psychiatric Association, 2013, criteria 1-2). They are also relatively 

treatment resistant, as treatment outcomes are characterised by high levels of relapse, 

with the treatments generally contributing little benefit over a placebo (Cutler & 

Fishbain, 2005). 

This inability to regulate consumption has been attributed to an imbalance 

between strong stimulus-driven (or 'bottom-up') processes that drive behaviour towards 

consumption, and relatively weak goal-directed (or 'top down') processes that control 

them. The strong stimulus-driven processes have been argued to develop through a 

history of alcohol consumption which sensitises structures in the basal ganglia, in 

particular the nucleus accumbens, to alcohol cues (Robinson & Berridge, 2003). 

Sensitisation of these neural structures manifests as a stimulus-driven inclination to 

approach and consume alcohol, called an approach-alcohol action tendency. According 

to this perspective, people will experience the inability to regulate consumption when 

their approach-alcohol action tendency is too strong to be controlled by their goal-

directed control processes, especially their working memory capacity (WMC; Gladwin, 

Figner, Crone, & Wiers, 2011; Hofmann, Schmeichel, Friese, & Baddeley, 2011).

Further understanding of the nature of an approach-alcohol action tendency and 

the means by which it can be modified or controlled could facilitate the development of 

treatments for alcohol-use disorders. This was the central aim of the present thesis, 

which was broken into three subordinate goals. The first was to assess whether the 

effect of approach-alcohol action tendency on approach alcohol behaviours is not only 
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moderated by the ability to exert goal-directed control, but also by the individual's 

current task goal. The second was to determine whether alcohol action tendency is a 

distinct mechanism, or whether there is a common mechanism underlying both alcohol 

action tendency and another stimulus-driven process, selective attention. The third aim 

is to determine whether alcohol action tendency can be modified or inhibited.

These aims were assessed in four papers that comprise the present thesis. The first 

paper demonstrates that dysregulated drinking is related to the interaction between 

alcohol action tendency, working memory capacity, and an individuals current task goal.

The second paper demonstrates that alcohol action tendency and selective attention 

independently predicted dysregulated drinking. The third paper demonstrates that 

alcohol action tendency can be manipulated independently from selective attention, and 

that the change in action tendency affects subsequent alcohol consumption. The final 

paper shows that action tendency can be indirectly inhibited when people attempt to 

maintain abstract information in an active state, called a high cognitive load.

Together these studies show that the effect of approach-alcohol action tendency is 

directly moderated by goal-directed control when there is a current goal to oppose the 

action tendency (Paper 1), or indirectly moderated by goal-directed control when they 

have a goal to maintain abstract information in an active state (Paper 4). The findings 

also show that action tendency is a distinct mechanism from selective attention, as it 

independently predicts dysregulated drinking (Paper 2) and can be independently 

manipulated (Paper 3). Finally the studies show that alcohol action tendency can be 

modified by training (Paper 3) and can be inhibited (Paper 4), suggesting potential 

clinical utility of the training and inhibition techniques.
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Overview

Alcohol-use disorders are partially defined by high levels of alcohol consumption 

that persist despite frequently being accompanied by an  “a persistent desire to cut down

or regulate substance use” (American Psychiatric Association, 2013; criteria 1-2). They 

are also relatively treatment resistant, as treatment outcomes are characterised by high 

levels of relapse, with the treatments generally contributing little benefit over a placebo 

(Cutler & Fishbain, 2005). This thesis is focused on distinguishing the cognitive 

mechanisms that underlie this dysregulated drinking, and to illuminate potential ways to

change these underlying mechanisms. 

Two dominant theoretical explanations for people’s inability to regulate 

consumption are the Incentive Sensitisation theory (Robinson & Berridge, 1993, 2003, 

2008), and the Dual-process models of addiction (Bechara, 2005; Deutsch & Strack, 

2006; Stacy & Wiers, 2010; Wiers et al., 2007). Both of these theoretical frameworks 

converge on a perspective that the inability to regulate consumption arises from an 

imbalance between strong stimulus-driven (or 'bottom-up') appetitive processes, and 

relatively weak goal-directed (or 'top-down') executive control processes.

Based on this theoretical framework, there have been several recent attempts to 

enhance treatments for alcohol-use disorder by adding training procedures to treatment 

as usual (Wiers et al., 2008; Wiers, Gladwin, Hofmann, Salemink, & Ridderinkhof, 

2013). These training procedures have been designed to either reduce the appetitive 

stimulus-driven processes (Eberl et al., 2013; Fadardi & Cox, 2009; Schoenmakers et 

al., 2010; Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011; Wiers, Rinck, Kordts, 

Houben, & Strack, 2010) or to increase the goal-directed control processes (Houben, 

Havermans, Nederkoorn, & Jansen, 2012; Houben, Nederkoorn, Wiers, & Jansen, 2011;

Houben, Wiers, & Jansen, 2011). The initial results of these training paradigms have 
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been promising (Eberl et al., 2013; Fadardi & Cox, 2009; Schoenmakers et al., 2010; 

Wiers et al., 2011). 

Further understanding of the nature of  stimulus-driven processes, especially 

approach-alcohol action tendency, and the means by which they can be modified or 

controlled could facilitate the further development of training based treatments, and 

potentially also inform the further development of other treatments for alcohol-use 

disorders. This was the primary goal of the present thesis.

This introductory chapter will provide an overview of relevant theoretical 

perspectives related to the inability to regulate alcohol consumption, identify the 

common constructs between these theories, and the evidence for their involvement in 

dysregulated drinking. The chapter will conclude with an outline of the rest of the thesis.

Theoretical Explanations Of The Inability To Regulate Consumption: Incentive 

Sensitisation And Dual-Process Models Of Addiction

Incentive Sensitisation. The incentive sensitisation theory posits that addictive 

substances such as alcohol sensitise the neural reward centres, such that they become 

more responsive to the substance. The theory posits that the basal ganglia system, 

including the ventral areas of the striatum and the nucleus accumbens in particular, are 

responsible for attaching ‘incentive salience’ to alcohol cues (Robinson & Berridge, 

1993, 2003, 2008). This incentive salience is a general motivational significance which 

people experienced as ‘wanting’. Through an extensive history of alcohol consumption 

the nucleus accumbens and related structures become sensitised to alcohol-related cues, 

such that alcohol-related cues increasingly take on incentive salience and become 

‘wanted’. 

As well as a subjective experience, this wanting is posited to involve biasing of 

two components of the appetitive response to alcohol (Robinson & Berridge, 2003). The
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first is that wanting 'guides behaviour to the incentive' (Robinson & Berridge, 1993, p. 

261). This process is also called an approach-alcohol action tendency (e.g., Frijda, 1986,

2010), which is a motivational inclination to approach and consume alcohol over other 

behaviours. The second is that alcohol cues will begin to disproportionately 'grab 

attention'. This process is also known as selective attention or an attentional bias (e.g., 

Williams, Watts, MacLeod, & Mathews, 1997) and refers to the process by which 

people begin to automatically orient towards and process alcohol-related information 

over other information in the environment. The activation of this incentive salience has 

been posited to occur even in the absence of conscious awareness, and in the absence of 

a ‘declarative goal’ regarding alcohol (Robinson & Berridge, 2003).

From the perspective of the Incentive Sensitisation theory, people experience the 

inability to regulate consumption and display addictive behaviour, when the nucleus 

accumbens (and related structures) have been sensitised to such an extent that the 

incentive salience of alcohol is too great for the prefrontal executive-control system to 

override.

Dual-Process models of addiction. A second class of theories that attempts to 

explain the paradox of dysregulated drinking are the dual-process models of addiction 

(e.g., Bechara, 2005; Deutsch & Strack, 2006; Stacy & Wiers, 2010; Wiers et al., 2007). 

These theories are based on the dual-process models of cognition, which are prominent 

in social psychology (e.g., Fazio, 1990a; Gawronski & Bodenhausen, 2006; Strack & 

Deutsch, 2004). Dual-process models posit two qualitatively different types of 

information processing. The first are stimulus-driven 'bottom-up' processes (which are 

variously referred to as implicit, automatic, associative, or impulsive processes). The 

second are goal-directed 'top-down' processes (which are also variously referred to as 

explicit, controlled, propositional or reflective processes). 
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Stimulus-driven processes are thought to originate from a stimulus (which can 

include internal states) which leads to spreading activation through an associative 

memory network (Gawronski & Bodenhausen, 2006; Stacy & Wiers, 2006). This 

spreading activation makes it more likely that nodes related to the stimulus will be 

activated, effectively causing ‘bottom-up’ biasing of processing towards semantic 

content and behavioural actions associated with the stimulus. In contrast, goal-directed 

processes are those that are primarily derived from a volitional goal or intention. This 

can include high level propositional reasoning, or simply an intention for goal-directed 

behaviour or goal-directed processing. The activation or maintenance of the intention 

effectively leads to ‘top-down’ biasing of processing towards task-relevant information 

and behaviour. These processes generally differ in several properties (Bargh, 1994). 

Specifically, stimulus-driven 'bottom-up' processes are generally more likely to be 

activated below the threshold of awareness, to be activated without intention, to be 

efficient in that they can occur irrespective of other processes, and to be difficult to 

control(Gawronski & Bodenhausen, 2006), although, not all these properties are 

necessarily present concurrently.

Dual-process models of addiction build upon the general dual-process models of 

cognition, to explain the inability to control consumption as resulting from an imbalance

between relatively strong stimulus-driven ‘bottom up’ responses that drive behaviour 

towards consumption, and relatively weak goal-directed ‘top down’ control processes. 

For example, the model of  Wiers et al. (2007; see Figure 1) depicts alcohol 

consumption being principally determined by the interaction between automatic action 

tendency and executive control processes. In these models successful control of the 

stimulus-driven processes has been posited to require both the ability to exert control 

and the motivation to do so (c.f., Fazio, 1990a).
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Figure 1. Dual process model of addiction, from Wiers et al. (2007).

Thus, from the perspective of dual-process models of addiction, people will 

experience the inability to regulate consumption and display addictive behaviour, when 

they have a motivation to restrain consumption, but their stimulus-driven processes are 

too strong for the goal-directed control processes to override.

Evidence For Interaction Of Stimulus-driven And Goal-directed Processes In The 

Inability To Regulate Consumption.

Common to both incentive salience and dual-process models of addiction, is the 

perspectives that the inability to regulate consumption will be due to three interacting 

factors. The first is stimulus-driven ‘bottom-up’ biases in processing which drive 

behaviour towards consumption. In particular, alcohol-related biases in action tendency 

and selective attention are prominent in both theories. The second is the ability to exert 
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‘top-down’ control over the stimulus-driven processes. Third, the imbalance between the

stimulus-driven and goal-directed biases should only be observable when there is a 

motivation to refrain from consumption. There is substantial evidence for the first two 

of these factors.

Strong stimulus-driven alcohol-related biases have frequently been shown to be 

related to heavy and problem drinking. A meta-analysis of 19,930 participants showed 

that there is a reliable relationship between stimulus-driven alcohol-related biases and 

drinking behaviour, with a moderate size effect (Rooke, Hine, & Thorsteinsson, 2008). 

These biases have been demonstrated in measures of several aspects of processing 

including action tendency (Field, Mogg, & Bradley, 2005; Wiers, Rinck, Dictus, & Van 

Den Wildenberg, 2009) and selective attention (Field, Munafo, & Franken, 2009; 

Robbins & Ehrman, 2004), as well as in memory associations (Stacy, 1997; Wiers, Van 

Woerden, Smulders, & De Jong, 2002), recall (Franken, 2003b), and interpretations 

(Earleywine, 1994). 

These stimulus-driven biases have also been shown to be moderated by executive-

control functions, most notably measures of working memory capacity (WMC; e.g., 

Grenard et al., 2008; Hofmann et al., 2011; Peeters et al., 2012; Thush et al., 2008; 

although not found by Pieters, Burk, Van der Vorst, Wiers, & Engels, 2012). 

Specifically, it is commonly reported that stimulus-driven biases are a greater predictor 

of behaviour for individuals with relatively low WMC compared to those with relatively

high WMC. This finding is consistent with the position that stimulus-driven and goal-

directed processes interact in determining drinking behaviour.

Importantly, the theoretical expectation that the ability to inhibit stimulus-driven 

processes will only affect consumption when there is a motivation to inhibit or control 
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the stimulus-driven process has not yet been tested. This will be one of the goals of the 

present thesis.

Overview And Measurement Of Stimulus-Driven Processes

Measures of alcohol action tendency. The majority of research assessing action 

tendencies has relied on two predominant methodologies. The first is the Approach-

Avoidance Task (AAT; Rinck & Becker, 2007), in which participants are presented with 

alcohol or non-alcohol beverage images, and are instructed to make joystick movements

in response to an alcohol-content irrelevant aspect of the image such as the image 

orientation. The joystick movements are accompanied by a zoom feature, which 

simulates movement of the beverage relative to the person.

The premise underpinning the task is that the presence of an action tendency will 

facilitate compatible task-relevant responses, and impair incompatible task-relevant 

responses. So for example, an approach action tendency should speed up approach-pull 

movements and slow down avoid-push movements. As the alcohol content is task-

irrelevant, differential response times to alcohol stimuli relative to non-alcohol stimuli is

assumed to reflect the presence of a stimulus-driven process.

Approach action tendencies have also been assessed with the Stimulus-Response 

Compatibility task (SRC; Mogg, Bradley, Field, & De Houwer, 2003). In the SRC task, 

participants are presented with an alcohol or non-alcohol image, and are asked to press a

keyboard key to move a stick-figure manikin towards or away from the beverage image 

on the basis of the alcohol-content of the image. This manikin movement is a symbolic 

representation of approach or avoidance. The premise of the task is that the presence of 

an action tendency would affect response times, in a similar manner to the approach-

avoidance task. Specifically, an approach action tendency should facilitate response 

times to press a key that moves the manikin towards the beverage, and impair response 
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times when the task-relevant response is to press a key that moves the manikin away 

from the beverage.

In this thesis I use a variant of the AAT, rather than the SRC for two reasons. First,

unlike the AAT, the SRC typically requires that the alcohol-content is task relevant, 

which decreases the ability to ascertain that the response times are being affected by a 

stimulus-driven process. Second, unlike the AAT which simulates a change in proximity,

the SRC only represents this change abstractly through a manikin movement. This 

symbolic representation of movement is less likely to be perceived as a change in 

proximity relative to the self, which is what an approach-alcohol action tendency is 

theorised to affect. While it would be possible to make a variant of the SRC where the 

alcohol content is task-irrelevant, the abstract nature of the approach response is more 

difficult to overcome.

Measures of selective attention to alcohol. There are two predominant 

methodologies used for assessing selective attention. The first is the dot-probe task 

(MacLeod, Mathews, & Tata, 1986) in which participants are presented with two 

stimuli, one of which may have alcohol content, and are instructed to identify a probe 

(often a letter, a line, or dots) that is presented after the stimuli. The premise of the task 

is that selective attention towards alcohol will be revealed by facilitated response times 

to identify the probe, when the probe is in the locus of the alcohol stimuli or by 

impaired response times, when the probe is in the locus away from the alcohol stimuli.

Selective attention to alcohol has also frequently been assessed with the alcohol 

Stroop task in which participants are presented with a word that is either alcohol related 

or non-alcohol related, and instructed to indicate the colour of the word (Cox, Fadardi, 

& Pothos, 2006; see also MacLeod, 1991; Williams, Mathews, & MacLeod, 1996). The 

premise of the task is that the presence of selective attention to alcohol will lead to 
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impaired colour naming response times when the word is alcohol related, since 

processing resources will be focused on the alcohol-content.

In this thesis I adapt a variant of the dot-probe task instead of using a Stroop task. 

The experiments required minimal methodological differences between the measure of 

action tendency and the measure of selective attention. This requirement is easier to 

meet by adapting the dot-probe task than it would be by adapting the Stroop task.

Issues In The Assessment Of Stimulus-Driven 'Bottom-Up' Processes 

There are two primary issues related to the assessment of stimulus-driven 

processes which are considered in this thesis. The first is that the tasks that assess 

bottom-up processes may not be functional wholes or ‘process pure’, such that different 

trials within each task may be differentially affected by different processes (e.g., 

Sherman et al., 2008). Specifically, each of these tasks requires a goal-directed or task-

relevant response, and therefore any individual differences in the ability to exert goal-

directed control could affect reaction times. Further, this ability to exert goal-directed 

control should be more important on trials where the task-relevant response is to oppose

the stimulus-driven bias (i.e., an incongruent trial), than on trials where the task-relevant

response is compatible with the stimulus-driven bias (i.e., a congruent trial). This has 

been extensively shown in computational models of executive control, which directly 

posit that the degree of response conflict determines the degree of goal-directed control 

(Botvinick et al., 2004; Botvinick, Braver, Barch, Carter, & Cohen, 2001; McClure, 

Botvinick, Yeung, Greene, & Cohen, 2007). The response conflict will only be present 

when the stimulus-driven response and the task-relevant response are opposed. 

Therefore in the assessment of stimulus-driven biases toward appetitive stimuli, there 

should be greater impact of goal-directed control processes on trials that require an 

incongruent avoid response, than on trials that require a congruent approach response. 

22



Thus it is warranted to separately examine the interplay of stimulus-driven and goal-

directed biases over the two different response trials.

A second issue is that there have been relatively few studies assessing the 

relationship between these stimulus-driven processes. It is currently not clearly 

established whether the various processes being measured, such as action tendency and 

selective attention, are actually distinct mechanisms or whether they are different 

manifestations of a common incentive salience mechanism. While no studies have 

addressed this issue directly, a few studies have assessed whether action tendency and 

selective attention are correlated, with one study finding a correlation (Van Den 

Wildenberg, Beckers, Van Lambaart, Conrod, & Wiers, 2006), one study not finding a 

correlation (Field et al., 2007), and one study showing that the correlation was state 

dependent (Schoenmakers, Wiers, & Field, 2008). Importantly, as each of the measures 

of stimulus-driven processes could also reflect individual differences in top down 

control, it is possible that the correlation when found is due to goal-directed control 

processes affecting both measures. In order to determine whether the action tendency 

and selective attention to alcohol are distinct mechanisms, it is necessary to show that 

each bias makes independent contributions towards drinking behaviour. This is one of 

the goals of the present thesis.

Overview And Measurement Of Goal-directed 'Top Down' Processes

Executive control processes have been posited to play an important role in the 

eitiology of addiction. Several theorists have particularly emphasised the role of 

working memory capacity in regulating impulsive behaviours, especially regulating 

alcohol consumption (e.g., Barrett, Tugade, & Engle, 2004; Broadway, Redick, & 

Engle, 2010; Finn, 2002; Hofmann et al., 2011). Working memory capacity is the ability
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to maintain task-relevant information active in the face of distracting task-irrelevant 

information (Miyake & Shah, 1999). 

People with higher WMC by definition are able to maintain task-relevant 

information active in the face of distracting task-irrelevant stimuli. Therefore when there

is a conflict between a goal-directed response (e.g., trying to write a paper) and a 

stimulus-driven appetitive response (e.g., a motivational inclination to get and drink a 

beer), WMC reflects the ability to maintain the task-relevant information (the work 

related content) and not process or respond to the task-irrelevant (alcohol-related) 

information. 

Working memory capacity is most commonly assessed using complex span tasks 

(Conway et al., 2005) which require participants to retain a task set (usually a set of 

numbers to be recalled later), while simultaneously switching to respond to a secondary 

distracter task (e.g., answering algebraic equations).

Issues In The Assessment Of Goal-Directed 'Top-Down' Processes 

Unlike stimulus-driven processes, there has been substantial research attempting 

to break down the distinctive components of executive functioning and how they relate 

to each other. Several researchers have suggested that working-memory capacity can be 

considered an emergent property of several interacting executive function mechanisms 

(Miyake & Shah, 1999; O’Reilly, Braver, & Cohen, 1999; O’Reilly & Frank, 2006). 

While there is no consensus on the number and nature of the subcomponents of 

executive control, there are some common perspectives emerging. Particularly, several 

theorists have posited a distinction between two primary forms of control (Harnishfeger,

1995; Munakata et al., 2011; Nigg, 2000). The first is the direct suppression of prepotent

responses or thoughts, often called direct-inhibition or response-inhibition. This form of 

inhibition occurs when there is a goal to suppress a pre-potent response or some aspect 
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of information processing, which is achieved through direct inhibitory connections to 

the relevant neural region (Aron, 2007; Munakata et al., 2011). The second is the 

indirect suppression of task-irrelevant information, which is often referred to as 

interference suppression. This form of inhibition occurs when the current task goal 

requires active maintenance of task-relevant information, which indirectly leads to the 

diffuse suppression of other task-irrelevant information via a competitive inhibition 

(c.f., Desimone & Duncan, 1995; Miller & Cohen, 2001). 

Structural equation modelling studies have shown that these two processes are 

related but separable, as latent variables of the two inhibition mechanisms are correlated

(Friedman & Miyake, 2004) yet rely on distinct neurological substrates (Brydges et al., 

2012). The correlation has been suggested to reflect the general ability to hold a task 

goal active, which is required for all executive function tasks (Friedman & Miyake, 

2004; Miyake & Friedman, 2012). This common active maintenance can then lead to 

inhibition through either of the distinct inhibition mechanisms, depending on the current

task goal (Munakata et al., 2011).

Working memory capacity tasks have been argued to involve both component 

processes. Specifically, it has been argued that WMC share some overlap with direct 

response inhibition (Clark et al., 2007) and also may involve indirect inhibition (Hasher 

& Zacks, 1988; Kane, Conway, Hambrick, & Engle, 2007).  Therefore WMC, as 

operationalised by the complex span task, may involve both functions.

While several studies have shown that deficits in response inhibition are related to

heavy or problem drinking (e.g., Kreusch, Vilenne, & Quertemont, 2013; Nederkoorn, 

Baltus, Guerrieri, & Wiers, 2009; Noël et al., 2007, 2012), there are currently no studies 

investigating the relationship between individual differences in interference suppression 
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and drinking behaviour. Assessing this latter possibility is also one of the goals of the 

thesis.

Summary Of Outstanding Issues 

Together the reviewed research has identified three main issues. First, measures of

stimulus-driven processes may also be affected by individual differences in goal-

directed control, and that the extent of goal-directed control may depend on the current 

task goal. Second, current research has been unable to determine whether alcohol-

related biases in action tendency and selective attention are different manifestations of a 

common incentive salience mechanism, or whether they are distinct mechanisms which 

differentially contribute to drinking behaviour. Finally, past research has shown that 

individual differences in WMC and response inhibition are related to the ability to 

regulate alcohol consumption. However, there is currently no research indicating 

whether interference suppression is also related to the ability to regulate alcohol 

consumption. This thesis will address these issues in turn, in order to determine whether 

action tendency can be modified or inhibited. 

Aims And Outline Of The Thesis

The overarching aim of the thesis was to explore the nature of approach-alcohol 

action tendency and the means by which it can be modified or controlled in order to 

facilitate the development of treatments for alcohol-use disorders. This central aim was 

broken into three supporting goals. The first was to assess whether the effect of 

approach-alcohol action tendency on approach alcohol behaviours is not only moderated

by the ability to exert goal-directed control, but also by the individual's current task 

goal. This possibility has implications for whether the assessment of stimulus-driven 

processes, including action tendency, are confounded with goal-directed processes. The 

second goal is was to determine whether alcohol action tendency is a distinct 
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mechanism, or whether there is a common mechanism underlying both alcohol action 

tendency and selective attention. The third goal will build on the previous two goals, in 

order to determine whether alcohol action tendency can be modified or inhibited.

In chapter 2, the degree to which the interaction of action tendency and WMC was

influenced by the current task goal was investigated. This chapter importantly suggests 

that each measure of stimulus-driven bias could reflect individual differences in goal-

directed control, and that these differences will be differentially affected by the whether 

the current task demand requires overcoming the stimulus-driven process. This study 

establishes the need to account for goal-directed control processes when assessing 

stimulus-driven biases. It also establishes the need to separately assess approach and 

avoid response trials. These two requirements are carried forward to the subsequent 

experiments.

Chapter 3 assesses whether alcohol-related biases in action tendency and selective

attention reflect different manifestations of a common incentive salience mechanism, or 

whether they are distinct mechanisms that differentially contribute to drinking 

behaviour. This is achieved by developing a novel task that measures action tendency 

and selective attention in methodologically similar manner, in order to determine 

whether each bias independently predicts self-reported dysregulated drinker status. This 

study provides initial evidence that alcohol-related biases in action tendency and 

selective attention are distinct mechanisms.

Chapter 4 builds on the previous two chapters in order to determine whether AAT 

approach/avoidance training affects alcohol consumption by changing alcohol action 

tendency or by changing selective attention to alcohol. This study incorporates the 

methodology developed in chapter 3 to separately assess action tendency and selective 

attention, prior to, and subsequent from, an AAT approach/avoidance training procedure.
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The study demonstrates that the AAT approach/avoidance training affects alcohol 

consumption, and that the effect is specifically mediated by a change in action tendency.

This finding provides additional evidence that action tendency and selective attention 

are distinct mechanisms that underlie addictive behaviour, as is shown in chapter 3.

Chapter 5 assesses whether a specific executive control mechanism, interference 

suppression, can be used to inhibit alcohol action tendency. The study provides the first 

evidence that alcohol action tendencies can be inhibited via interference suppression.

Chapter 6 is the general discussion. The collective findings are that alcohol action 

tendency interacts with goal directed control and peoples current task goals in 

determining drinking behaivour. The findings also show that alcohol action tendency is 

a distinct process that contributes to dysregulated alcohol consumption, that this process

can be successfully changed through training procedures, and can be inhibited through 

interference suppression. The implications for these findings for theory, and clinical 

practice are discussed.

28



Chapter 2

The Interaction Of Approach-Alcohol Action 

Tendencies, Working Memory Capacity, And 

Current Task Goals Predicts The Inability To 

Regulate Drinking Behaviour

Paper 1 (refereed)

Sharbanee J.M., Stritzke W.G., Wiers R.W., Young P., Rinck M., MacLeod C. (2013). 

The interaction of approach-alcohol action tendencies, working memory capacity, 

and current task goals predicts the inability to regulate drinking behavior. 

Psychology of Addictive Behaviours, 27(3), 649–661.

29



The Interaction of Approach-Alcohol Action Tendencies, Working Memory Capacity,

and Current Task Goals Predicts the Inability to Regulate Drinking Behaviour

Jason M. Sharbanee1, Werner G. K. Stritzke1, Reinout W. Wiers2, Paul Young1, Mike

Rinck3 and Colin MacLeod1

1 University of Western Australia

2 University of Amsterdam

3 Radboud University Nijmegen

Author Note

Jason M. Sharbanee, Centre for the Advancement of Research on Emotion, School

of Psychology, University of Western Australia; Werner G. K. Stritzke, School of 

Psychology, University of Western Australia; Reinout W. Wiers, Department of 

Developmental Psychology, University of Amsterdam; Paul Young, Centre for the 

Advancement of Research on Emotion, School of Psychology, University of Western 

Australia; Mike Rinck, Behavioural Science Institute, Radboud University Nijmegen; 

Colin MacLeod, Centre for the Advancement of Research on Emotion, School of 

Psychology, University of Western Australia.

We wish to thank Ben Grafton and Anne Nicholls for helpful comments on an 

early draft of the manuscript, David Erceg-Hurn for statistical advice, Herb Jurkiewicz 

for assistance with the camera equipment and stimuli development, and Steffen 

Pawelczack and Emily Wiers for assistance with data collection. 

30



Abstract

The inability to regulate alcohol consumption has been attributed to an imbalance 

between stimulus-driven behavioural biases, or action tendencies, and the ability to 

exert goal-directed control, or working memory capacity (WMC). Previous research 

assessing the interaction between these variables has not considered the effect of 

whether individuals’ current goals or task demands require goal-directed control. Our 

aim was to examine the potential interaction of appetitive action tendencies and the 

ability to exert control over these action tendencies as a function of whether task 

demands require applying control for successful task completion. Two groups of social 

drinkers (N=40 per group) who differed in their ability to regulate their alcohol 

consumption completed a novel variant of the Approach-Avoidance Task (AAT), which 

separately assessed approach and avoid trials. The approach and avoidance responses 

differentially require goal-directed control, depending on whether the task-relevant 

response is incongruent with the stimulus-driven action tendency. Results indicated that 

a) group differences in AAT indices were only observed on trials that required an 

avoidance movement, which are trials where the task-relevant response would be 

incongruent with an approach action tendency, and b) the extent of the group differences

for these avoidance trials was moderated by individual differences in WMC, such that 

problem drinkers with lower WMC showed greater behavioural bias towards alcohol 

than those with higher WMC. These findings suggest that difficulties in regulating 

alcohol consumption arise from a complex interaction of action-tendencies, WMC, and 

current goals or task demands.
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The Interaction of Approach-Alcohol Action Tendencies, Working Memory Capacity,

and Current Task Goals Predicts the Inability to Regulate Drinking Behaviour

The paradox of alcohol dependence is that people continue to drink at harmful 

levels even though they are aware of the negative consequences and report wanting to 

reduce their consumption. This inability to regulate consumption has been attributed to 

an imbalance between the appetitive processes that drive people toward consumption 

and their ability to control them (e.g., Bechara, 2005; Koob & Volkow, 2010; 

Schoenmakers, Wiers, Jones, Bruce, & Jansen, 2007; Stritzke, McEvoy, Wheat, Dyer, &

French, 2007). This imbalance could stem from either relatively strong appetitive 

processes or a relatively weak ability to control them. Further, this imbalance will only 

be evident when people are attempting to apply restraint, and failing to do so (c.f., 

Heather, 1998). Despite the theoretical importance, these three factors have yet to be 

assessed simultaneously. The aim of the present study was to examine the potential 

interaction of appetitive action tendencies and the ability to exert control over these 

action tendencies as a function of whether task demands require applying control for 

successful task completion.

Approach-Alcohol Action Tendencies And The Ability To Regulate Alcohol 

Consumption

Strong appetitive responses to alcohol-related cues are thought to arise from 

sensitisation of neural pathways associated with reward. According to this theory, 

repeated use of alcohol leads alcohol-related cues to develop “incentive salience”, that 

is, alcohol-related cues become increasingly appraised as rewarding (Robinson & 

Berridge, 1993, 2003). This process leads to the stimulus-driven (i.e., non-volitional 

“bottom-up”) facilitation of behaviours directed towards alcohol consumption. In other 

words, alcohol-related cues disproportionately trigger the motivation to consume 
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alcohol, which is experienced as ‘wanting’. This facilitation of behaviour is known as an

action tendency, and has been argued to reflect motivational dispositions central to 

emotion (Frijda, 1986, 2010; Lang & Bradley, 2008). The more that alcohol has taken 

on incentive salience, the stronger the action tendency elicited by alcohol-related cues 

and the greater the facilitation of behavioural precursors of consumption, including 

approaching alcohol. 

Consistent with this position, several studies that have indirectly indexed 

approach-alcohol action tendencies by semantic association using the Implicit 

Association Task (e.g., Ostafin & Palfai, 2006; Palfai & Ostafin, 2003), or by symbolic 

representation using the Stimulus Response Compatibility task (e.g., Field, Kiernan, 

Eastwood, & Child, 2008), have found that approach-alcohol action tendencies are 

related to quantity and frequency of alcohol use and predict the inability to control 

alcohol consumption when there is an incentive to not consume (Ostafin, Marlatt, & 

Greenwald, 2008).

Of particular interest are studies using the Approach-Avoidance Task (AAT; Rinck

& Becker, 2007; Wiers et al., 2009) which simulates approaching and avoiding alcohol 

stimuli, instead of indexing action tendencies indirectly via semantic associations or 

symbolic representations. That is, participants make joystick movements that simulate 

approaching or avoiding a drink image in response to a task-relevant but alcohol-

content-irrelevant aspect of the image such as the image orientation (e.g., landscape or 

portrait). The joystick movements are accompanied by a zoom-effect, such that pulling 

the joystick towards their body is accompanied by the stimulus increasing in size, giving

the illusion of having pulled the beverage towards them. Similarly, pushing the joystick 

away from their body is accompanied by the stimulus decreasing in size giving the 
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illusion of having pushed the beverage away. Thus pulling simulates an approach 

response, and pushing simulates an avoidance response to the stimulus. 

The premise underpinning the task is that response times should increase to the 

extent that there is response conflict between the action tendency elicited by the alcohol-

content of the stimulus and the task-relevant response indicated by the image 

orientation, which should occur only when these are incongruent. Conversely response 

times should be reduced to the extent that there is facilitation between the action 

tendency and the task-relevant response, which should occur only when these are 

congruent. Therefore the presence of an approach action tendency towards a stimulus 

will be revealed by faster responses when the task-relevant response is a congruent 

approach-pull response, rather than an incongruent avoid-push response, and the relative

reaction times for these trials are used as an index of the approach action tendency for 

that stimulus.

The AAT has been used to demonstrate that unlike light drinkers, heavy drinkers 

display approach-alcohol action tendencies (Wiers et al., 2009). Further, training 

variants of the AAT have found that inducing differential action tendencies has a 

corresponding impact on subsequent drinking behaviour, suggesting that action 

tendencies have a causal impact on drinking behaviour (Wiers et al., 2010). Similarly, 

patients in a clinical setting that have been trained in avoid-alcohol contingencies 

demonstrated less relapse post-treatment then those receiving no such training (Wiers et 

al., 2011). Because relapse represents a failure to regulate drinking following attempts 

to abstain after treatment, this finding suggests that there may also be a causal 

relationship between action-tendencies and the inability to regulate alcohol 

consumption.
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Although this evidence supports the position that approach-alcohol action 

tendencies have a causal relationship with drinking behaviour, and specifically with the 

inability to regulate consumption, these studies have typically not considered individual 

differences in the ability to control action tendencies, or whether the tasks require that 

participants apply that control. The results could therefore confound the strength of 

action tendencies with the ability to control them, and whether that ability is being 

applied.

Working Memory Capacity And The Ability To Regulate Alcohol Consumption

Other theories have attributed the imbalance between appetitive and control 

processes to relative deficits in the ability to exert goal-directed (i.e., volitional “top 

down”) control, rather than the strength of action tendencies. These theories implicate 

deficits in working memory capacity (WMC) as a key mechanism underlying 

diminished ability to exert control in regulating consumption (e.g., Barrett et al., 2004; 

Broadway et al., 2010; Finn, 2002; Hofmann et al., 2011). WMC is the ability to 

maintain task-relevant information in an active state while performing complex tasks 

(Miyake & Shah, 1999). This involves the goal-directed biasing of attention, such that 

the information necessary for the current task is maintained in an active state and that 

distracting, task-irrelevant information is prevented from causing interference (Cowan, 

1999; Gazzaley & Nobre, 2012; Kane et al., 2007; Miller & Cohen, 2001; O’Reilly & 

Frank, 2006). This ability is important for self regulation, as regulation requires keeping 

goal-related information (e.g., the intention to not drink) active in the face of appetitive 

processes that are driving behaviour towards consumption (Hofmann et al., 2011). 

Individual differences in WMC could therefore affect response times on the AAT, since 

on some trials successful task performance requires maintaining the task-relevant 
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information active (e.g., push if landscape, pull if portrait) while inhibiting processing 

the task-irrelevant alcohol content of the images (c.f., Sherman et al., 2008).

Importantly, in addition to considering individual differences in the ability to 

control action tendencies, it is also necessary to consider whether people are attempting 

to apply this ability (Fazio, 1990a; Wiers et al., 2007). Indeed it would be difficult to 

distinguish between people who have the ability to regulate their consumption and those

that do not under circumstances where they are not attempting to show restraint.

Working Memory Capacity Could Differentially Affect Response Times On 

Approach-Pull And Avoid-Push AAT Trials

Whether WMC is required to inhibit an action tendency depends on the response 

required for successful task completion. If the task requires a response that is 

incongruent with the stimulus-driven action tendency, and the participant responds 

correctly, then the participant must have been applying the ability to inhibit the action 

tendency. This ability to inhibit action tendencies is applied to the extent that there is 

response conflict between the stimulus-driven action tendency and an incongruent, task-

relevant response (Botvinick et al., 2004; McClure et al., 2007). When there is response 

conflict, behavioural regulation is achieved by goal-directed biasing of processing 

towards task-relevant information. Therefore, while WMC indexes the ability to 

overcome the action tendency, the congruence between the action tendency and the task 

instruction indexes whether applying the ability is required.

Importantly, for each type of stimuli the two task-relevant responses of approach-

pull and avoid-push movements will differ in congruence. For instance if there is an 

approach action tendency to the stimulus, approach-pull response movements will be 

congruent, while the avoid-push response movements will be incongruent. The degree 

of incentive salience will determine both the strength of the approach-alcohol action 
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tendencies and the degree of response conflict on the avoid-push alcohol trials. Since 

problem drinkers have relatively strong approach-alcohol action tendencies (e.g., Field 

et al., 2008, 2005; Wiers et al., 2009), they will find avoid-push response movements 

incongruent with their action tendency, and will require greater WMC to overcome the 

response conflict. In contrast, light drinkers who have weaker approach-alcohol action 

tendencies, will require less WMC for those trials.

For example, consider an AAT trial where participants with varying degrees of 

approach-alcohol action tendencies are required to make an avoid-push response to an 

alcohol stimulus, such that the action tendency is incongruent with the task-relevant 

response. In this situation the participants are directed to respond to the task-relevant 

information about the orientation of the image, which requires inhibiting responding to 

the action tendencies elicited from the alcohol-related stimulus content. Any differences 

in the reaction times between the participants could come from either a difference in the 

strength of the action tendency elicited by the stimuli, or differences in the ability to 

overcome the interference from the elicited action tendency. This ability to prevent 

interference from the task-irrelevant alcohol content by goal-directed biasing of 

processing towards the task-relevant orientation information is the domain of WMC. 

Therefore if drinkers with an inability to regulate consumption show a relative slowing 

in the avoid-push alcohol trials compared to regulated drinkers, the slowing could be 

due to either a relative working memory deficit, or due to relatively stronger elicited 

action tendencies, or a combination of both factors.

While variations in WMC could explain regulatory-ability related reaction time 

differences in avoid-push alcohol AAT trials, they are less able to explain any 

regulatory-ability related differences in approach-pull AAT trials. Consider an AAT trial 

where drinkers, with varying degrees of approach-alcohol action tendencies, are 
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required to make an approach-pull response to an alcohol stimulus, such that the action 

tendency is congruent with the task-relevant response. In this situation successful 

completion of the trial is not dependent on the ability to overcome the action tendency, 

and there will be no goal-directed biasing since there is no response conflict (Botvinick 

et al., 2001). Therefore differences in WMC should have less of an impact on reaction 

times in approach-pull alcohol trials than they would for the avoid-push alcohol trials. If

drinkers with an inability to regulate consumption show a relative speeding on 

approach-pull trials compared to regulated drinkers, the speeding will primarily reflect 

stronger elicited approach-alcohol action tendencies rather than a deficit in control.

It is important to note that an approach-alcohol action tendency could affect 

response times on both push and pull movements on the task. Therefore the separate 

overt push/pull response movements will not necessarily be differentially affected by 

the underlying action-tendencies. The different overt push/pull movements will, 

however, differ according to whether there is incongruence, and therefore response 

conflict, between the action tendency and the task-relevant push/pull response.

Inconsistencies In Previous Research

Together the research reviewed so far leads us to expect that the inability to 

regulate alcohol consumption should depend on a relative imbalance between approach-

alcohol action tendencies and WMC. This imbalance should be observable only in 

situations when people are attempting to exert restraint such that they have a current 

goal that is in conflict with their action tendency. Therefore WMC should moderate the 

effect of action tendencies on drinking behaviour only when there is a motivation to 

refrain from drinking, and WMC should affect AAT response latencies only on trials 

that require participants to oppose the action tendency. 
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Some inconsistencies in previous research may stem from not distinguishing all of

these factors. For example, two recent studies found no evidence that the relationship 

between alcohol consumption and 'approach alcohol' action tendencies was moderated 

by WMC (van Hemel-Ruiter, de Jong, & Wiers, 2011) or other executive functions 

(Christiansen, Cole, Goudie, & Field, 2012). This is in contrast with research that has 

observed the WMC moderation, both for approach action tendencies (Peeters et al., 

2012), and for other aspects of appetitive processing (e.g., semantic associations; 

Grenard et al., 2008; Thush et al., 2008). While there are several methodological 

differences that could account for the discrepancy, two sources are relevant in the 

current context. The first is individual differences in motivation to resist consumption. 

As these studies did not assess motivation to resist consumption, the samples could be 

heterogeneous groups including participants who were attempting to refrain from 

drinking and others who were not. The proportion of those attempting to refrain could 

vary between studies, and since WMC should only affect consumption for those who 

were attempting to refrain from drinking, this could have lead to inconsistencies across 

findings. 

The second source of inconsistent findings is that most of the studies (e.g., 

Christiansen et al., 2012; van Hemel-Ruiter et al., 2011; Peeters et al., 2012; Thush et 

al., 2008) employed methodologies involving congruent and incongruent trials, but did 

not differentiate between them. Therefore response latencies on some trials of the 

measures of appetitive processing would be more influenced by variation in WMC than 

other trials. This means that in the moderation analysis, for a subset of the reaction times

variance in WMC would not be limited to the moderator variable (WMC), but also 
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contribute to the variance in the focal predictor variable (appetitive processing), which 

may have contributed to the inconsistent findings1.

One study so far has distinguished between trials where the task relevant response 

and the action tendency would be congruent from trials where they would be 

incongruent, using a modified Stimulus-Response Compatibility task (Barkby, Dickson, 

Roper, & Field, 2012). The study separately assessed the avoid-alcohol trials, where 

participants made avoidance responses to alcohol stimuli such that an approach action 

tendency would be incongruent with the task-relevant response, and approach-alcohol 

trials where an approach action tendency would be congruent with the task-relevant 

response. The study reported several null results that could be due to not accounting for 

either individual differences in WMC or motivation to refrain. Firstly, clinical alcohol-

dependent participants and social drinkers did not differ in alcohol preference on either 

the avoid-alcohol trials or the approach-alcohol trials, which could be due to not 

accounting for individual differences in WMC. Secondly, there was a trend towards a 

correlation between the clinical population’s pre-treatment alcohol consumption and 

alcohol preference on the approach-alcohol trials, and no relationship on avoid-alcohol 

trials. The lack of correlations could be explained by individual differences in 

motivation to refrain from drinking during the pre-treatment period being assessed. 

Indeed there are some reports that clients have pre-treatment binges, and therefore may 

not have been attempting to refrain from consumption during this period (Tonigan, 

2003).

1  These analyses attempted to assess whether the relationship between action tendencies or other 
aspect of appetitive processing (the focal predictor) and drinking behaviour (dependent variable) is 
moderated by WMC (the moderator variable). The analyses rely on the measures of the focal 
predictor and the moderator variable uniquely capturing the variance in the respective constructs. 
However, we have argued here that the measures of action tendencies can also capture variance in 
WMC, for the subset of trials where the task relevant response is incongruent with an approach action
tendency. Therefore, with respect to data from the avoidance trials, the focal predictor in the 
moderation analysis could have variance from both action tendencies and WMC, instead of just 
action tendencies as required. Thus, we argue that it is important to consider the potential impact of 
WMC in the measures of appetitive processing, which may differentially affect approach and 
avoidance trial types.
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The Present Study

To demonstrate that the inability to regulate consumption is related to a relative 

imbalance between approach-alcohol action tendencies and WMC, three criteria should 

be met. Firstly, groups need to be distinguished on ability to regulate consumption as 

demonstrated by problem drinkers displaying both greater alcohol consumption and a 

greater desire to reduce consumption than non-problem drinkers. This ensures that the 

problem drinkers are a relatively homogenous group, consisting of only people who 

have a demonstrated inability to regulate consumption, but not including people who 

drink heavily despite having the ability to regulate consumption if they decided to do so.

This group selection is required because while an imbalance between approach-alcohol 

action tendencies and WMC could explain the inability to regulate consumption, it 

would not necessarily explain why people do not attempt to regulate their consumption. 

Secondly, the AAT needs to be able to distinguish between approach-pull and 

avoid-push response trials. This distinction is required since these two responses would 

be differentially congruent with an approach-alcohol action tendency, and therefore 

would differentially require WMC for successful task completion. Finally, an 

independent measure of WMC should be used.

If the inability to regulate consumption is due to a relative imbalance between 

approach-alcohol action tendencies and WMC, and these processes differentially affect 

response latencies on the AAT approach-pull/avoid-push response trials, then alcohol 

preference on the AAT will be determined by a three-way interaction between drinking 

group, approach-pull/avoid-push response trial type, and WMC. The interaction will be 

such that the problem drinkers will show greater behavioural bias toward alcohol on the 

AAT. The extent of this biased behaviour will differ between the approach-pull/avoid-

push response trials, depending on individual differences in WMC. Since the responses 
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on the avoid-push trials will be affected by both action tendencies and WMC, the 

difference between the response trials will be such that, relative to the approach-pull 

trials, the alcohol preference on the avoid-push trials will be greater for problem 

drinkers with lower WMC than for those with higher WMC. 

Method

Participants

Two groups of alcohol drinkers who differed in their capacity to regulate their 

alcohol consumption were recruited. Problem drinkers were selected on the basis that 

they drink heavily despite a desire to reduce their alcohol consumption, therefore 

demonstrating difficulty in regulating their alcohol consumption. Non-problem drinkers 

were selected on the basis that they drink moderately with no desire to reduce their 

alcohol consumption, therefore demonstrating an ability to regulate their alcohol 

consumption. 

To ensure that participants differed in regulatory ability as required, selection of 

participants was guided by the screening of 616 students using the Alcohol 

Consumption Questionnaire (ACQ; McEvoy, Stritzke, French, Lang, & Ketterman, 

2004) and the Brief Readiness to Change Algorithm (BRTC; Epler, Kivlahan, Bush, 

Dobie, & Bradley, 2005) prior to the commencement of the study. Problem drinkers 

were defined as those with an alcohol consumption score in the upper third (14 or more 

standard drinks per week) and whose desire to reduce consumption was above the 

median of the distribution (a total of 4 or more on the two ‘desire to reduce 

consumption’ questions of the BRTC). The criteria for participation as a non-problem 

drinkers was an alcohol consumption score in the lower third (4 or less standard drinks 

per week) and whose desire to reduce consumption was below the median of the 

distribution (a total of 3 or less on the ‘desire to reduce consumption’ questions of the 
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BRTC). Potential participants were considered ineligible if they indicated that they 

never drank alcohol.

Eighty first year undergraduate psychology students (40 in each group) 

participated in exchange for course credit. Students who had completed the screening 

questionnaire were invited to participate in the study if they fell in the eligible range of 

either group. Students who had not completed the screening were eligible for 

participation if they met the criteria established with the initial screening pool at the 

time of the experiment. Two of the participants selected for the problem drinker group 

based on the initial screening criteria fell below the median consumption at test time and

were subsequently excluded from the analysis. This left 38 participants in the problem 

drinking group (mean age 19.3 years, 42% female), and 40 participants in the non-

problem drinkers (mean age 19.7 years, 70% female). 

Analyses were conducted to investigate whether this group difference in gender 

ratio could have contributed to the pattern of results observed in the subsequent 

analyses. The analyses were conducted separately for males and females, and then again

with gender as a factor. These analyses showed the same pattern of results in both 

genders, and the gender factor was non-significant when included in the analysis. 

Consequently only the combined analysis is reported here.

Stimuli 

The task required 128 pairs of alcohol and non-alcohol beverage images matched 

for colour and size of the beverage and taken in identical settings. There were four types

of alcoholic (beer, wine, spirits, pre-mixed spirits) and non-alcoholic drink images (soft 

drinks, juice, coffee, tea), and there were four different examples within each of these 

drink types. For example, within the beer category there was ‘Victoria Bitter’, ‘Little 

Creatures Rodgers’, ‘Corona’, ‘Heineken’ (all common beers in the local area). To make
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128 unique images, each of these drinks were photographed in unique combinations of 

four different locations (e.g., on an outdoor wooden park table, or on an indoor table 

with a table cloth), four different actions (e.g., being poured, or being handed towards 

the camera), and two different containers (different shaped glasses or cups). A further 32

images of stationary and office equipment were used for practice trials. All of the 

images had either the width or height cropped 15 percent to make them into landscape 

or portrait format.

Experimental Tasks

Approach and Avoidance Task. A novel variation of the Approach-Avoidance 

Task (AAT; Rinck & Becker, 2007) was used to separately assess approach-pull and 

avoid-push response trials. In contrast to the original AAT, where a trial always starts in 

the middle position, the trials in the present AAT task started from an extreme position 

either with the joystick held maximally close or maximally distal. The trials then 

proceeded consistent with the original methodology. After moving to the initial location,

the stimuli appeared on the screen and the participants were then required to either 

move the joystick or not respond depending on the orientation of the image. 

Specifically, they were instructed to move the images such that by the end of a trial the 

images in landscape format were close to them, whereas portrait images were away 

from them. This could involve either moving the joystick, or not responding and 

keeping the joystick in its original location. 

The approach-pull trials started with an instruction to ‘start distant' which 

indicated that the participant needed to move the joystick to a position that is maximally

distal to their body for the trial to start. Once they had held this position for one second, 

the stimulus image appeared on the screen in its minimum zoom to appear as if the 

image is furthest from the participant. The participant then had to respond to the format 
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of the picture by either moving the joystick to the position where it is maximally 

proximal (if portrait orientation) or by not responding (if the image was landscape 

orientation; see Figure 1a). Therefore, successful trial completion on the approach-pull 

shift trials would be facilitated by an approach action tendency and would not be 

dependent on overcoming or inhibiting approach action tendencies.

The avoid-push trials started with an instruction to ‘start near’ which indicated 

that the participant needed to move the joystick to a position that is maximally proximal 

to their body for the trial to start. Once they had held this position for one second, the 

stimulus image appeared on the screen in its maximum zoom to appear as if the image is

closest to the participant. The participant then had to respond to the format of the picture

by either moving the joystick to the position where it is maximally distal or not 

responding (see Figure 1b). Therefore successful trial completion on the avoid-push 

shift trials would have interference from an approach action tendency and would be 

dependent on overcoming or inhibiting approach action tendencies. 

By starting each trial in an extreme position, the response options available to the 

participants are limited to one movement direction or not responding. This design 

feature has two advantages. Firstly, it is possible that response conflict could manifest as

either error movements (i.e., pulling when the task-relevant response is to push) or a 

slowing of response. By preventing the option to make an error response, any response 

conflict can only manifest in the response latencies. 

Secondly, it has been shown that response conflict can arise from the expectancy 

that an incongruent response may be required (Burgess & Braver, 2010). Starting the 

trial in an extreme position removes a response option, and therefore the expectancy for 

that response is minimised. For example, in the approach-pull trials the only response 

options available simulated either approaching the stimulus or not responding, but the 
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Figure 1. Example approach-pull and avoid-push trials. In the approach-pull trials (a) 

participants are instructed to start with the joystick distant, and then either make a shift 

movement by pulling the joystick close if the image is landscape (pictured), or not 

respond if it is portrait. As the participant pulls the joystick, the image increases in size 

simulating being pulled closer to the participant, and hence is an approach response. 
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Therefore on the shift trials the task-relevant response is congruent with an approach 

action tendency. In the avoid-push trials (b) participants are instructed to start with the 

joystick near, and then either make a shift movement by pushing the joystick away if the

image is landscape (pictured), or not respond if it is portrait. As the participant pushes 

the joystick, the image decreases in size simulating being pushed away from the 

participant, and hence is an avoidance response. Therefore on the shift trials the task-

relevant response is incongruent with an approach action tendency. Both trial types 

contained colour photographs of alcohol and non-alcohol stimuli.

response option simulating avoiding the stimulus was not available. Therefore the 

response conflict that arises between an action tendency and the expectancy of an 

incongruent goal-directed response is minimised.

In both approach-pull and avoid-push respond trials, the response latency from the

onset of the stimulus until the time to complete the movement of the joystick was 

recorded. For the not-respond trials, there was no latency recorded and the participant 

had to remain in the initial position for one second in order to complete the trial. If the 

participant moved the joystick on a not-respond trial, an error message was displayed 

and the trial ended.

The task consisted of 32 practice trials, using images of office supplies, and 256 

test trials, each presenting a unique beverage image. There were an equal amount of 

approach-pull and avoid-push assessment trials. Within each trial type, there were an 

equal number of alcohol and non-alcohol images, and the pictures were displayed 

equally often in landscape and portrait format. Across the participants each of the 

images were presented in each trial type (approach-pull respond, avoid-push respond, 

start distant not-respond, or start near not-respond) an equal number of times. The test 
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trials were presented in random order, with a 100ms inter-trial interval. The images’ 

zoom changed from a minimum size of 200 pixels (approximately 5 cm) to a maximum 

zoom of 1000 pixels (approximately 26 cm).

Calculation of alcohol preference indices. Alcohol preference indices (API) were

calculated for approach-pull and avoid-push response trials such that a preference for 

alcohol was indicated by a higher index score for both indices. In order to reduce the 

effect of trial outliers and in keeping with previous AAT research (e.g., Rinck & Becker,

2007; Wiers et al., 2009, 2010), bias indices were calculated using median reaction 

times. An approach-pull API was calculated by subtracting the response latency for 

alcohol trials from the non-alcohol trials, so that a positive score reflects a speeding to 

move towards alcohol. An avoid-push API was calculated by subtracting the relative 

response latency for non-alcohol trials from the alcohol trials, so that a positive score 

reflects a slowing to move away from alcohol. Therefore a positive score for either 

index represents a behavioural preference for proximity to alcohol relative to non-

alcohol.

Operation-Span Task. A version of the Operation-Span Task (Lewandowsky, 

Oberauer, Yang, & Ecker, 2010; adapted from Turner & Engle, 1989) was used to assess

WMC. The Operation-Span task has high reliability and validity (c.f., Conway et al., 

2005), has been argued to principally reflect variation in the ability to control attention 

as required (Kane et al., 2007) and has been used in related previous research (e.g., 

Hofmann, Friese, & Roefs, 2009; Hofmann, Gschwendner, Friese, Wiers, & Schmitt, 

2008). The task requires participants to alternate between answering whether simple 

arithmetic equations are true or false, and presentation of a consonant letter to be 

remembered for subsequent recall. 
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Each trial started with an initial fixation cross for 1.5 seconds, followed by the 

presentation of the initial equation. Each equation required the addition or subtraction of

two operands between 1 and 10. The equations were presented until a response had been

made up to a maximum time of three seconds. After each equation, a consonant was 

presented for one second followed by a 100 ms blank interval. This was repeated 

between four and eight times in order to make memory sets of different list lengths. 

After each trial participants were required to type the letters from the memory set in the 

order that they were presented. This was followed by a 500 ms inter-trial interval. There 

were three practice trials followed by 15 test trials, 3 of each memory-set list length. To 

ensure adequate task engagement participants were instructed to try and answer at least 

85% of the equations correct and were excluded if they fell below 75% correct.

Participants were given partial scoring credit for the memory span, such that if 

they got five out of six letters correct and in the correct list position they were scored at 

5/6 for that memory set. The product of the mean memory-set score and the mean 

equation accuracy was calculated for each participant to create a composite score that 

accounts for both memory-set size and equation accuracy.

Questionnaires

The alcohol consumption questionnaire and the brief readiness to change drinking 

algorithm, were selected for the initial screening on the basis of brevity and because 

they most closely assess the relevant group selection criteria. Two additional measures, 

the alcohol use disorder identification test and the stages of change readiness and 

treatment eagerness scale, were used to further validate the group selection at the time 

of testing using more common and extensively validated measures.

The Alcohol Consumption Questionnaire. The Alcohol Consumption 

Questionnaire (ACQ; McEvoy et al., 2004; adapted from Cahalan, Cisin, & Crossley, 
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1969) was used as a brief screening measure of alcohol consumption. Frequency was 

assessed on a nine-point scale as the number of times alcohol was consumed, with a 

response range of “None" to "24 or more times". Quantity was assessed on an eight 

point scale as the average number of standard drinks consumed on each drinking 

occasion, with responses ranging from "Less than one whole drink" to "More than 24 

drinks”. The ACQ operationalised a ‘standard drink’ within a brief table containing 

specific examples (e.g., 1 middy (285ml) of full strength beer contains 1 standard 

drink).

The Brief Readiness to Change Drinking Algorithm. The Brief Readiness to 

Change Drinking Algorithm (BRTC; Epler et al., 2005) assesses motivation to reduce 

alcohol consumption with three questions: a) Has the amount you drink changed in the 

past 3 months; b) Are you interested in drinking less; and c) Do you think you drink 

more than you should. Correlation analysis showed that there was a negative 

relationship between a) how much people had already reduced their drinking and c) 

whether they think they drink more than they should. Consequently the item assessing 

a) successful reduction in alcohol consumption was not used in the further analysis, so 

that the remaining two items reflected unrealised desire to reduce alcohol consumption.

Alcohol Use Disorder Identification Test. The Alcohol Use Disorder 

Identification Test (AUDIT; Saunders, Aasland, Babor, De La Fuente, & Grant, 1993) is 

a brief screening measure for alcohol dependence, which has demonstrated reliability 

and validity across populations including university students (Kokotailo et al., 2004; 

Saunders et al., 1993). It comprises three subscales: consumption, containing items 

assessing frequency and quantity of alcohol consumption; dependence, containing items

assessing alcohol dependence, such as not being able to stop drinking; and alcohol 
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problems, containing items assessing problems due to alcohol consumption, such as 

health concerns. 

Stages of Change Readiness and Treatment Eagerness Scale. The 21-item 

Stages of Change Readiness and Treatment Eagerness Scale (SOCRATES; Miller & 

Tonigan, 1996) assesses motivation for change in problem drinkers, and has good 

reliability and validity (Carey, Maisto, Carey, & Purnine, 2001; Miller & Tonigan, 

1996). The SOCRATES has three subscales: recognition, which contains seven items 

including "I am a problem drinker"; ambivalence, containing four items including 

"There are times when I wonder if I drink too much"; and taking steps, which contains 

eight items including "I am working hard to change my drinking".

Procedure

Participants were seated in individual cubicles for the duration of the experiment. 

They first completed the AAT, and were instructed that they would be required to 

respond to the orientation of images using a joystick, and to respond as quickly and 

accurately as possible. They were instructed that they needed to end the trial with the 

landscape images near to them and portrait images far away from them and that this 

would either require them to move the joystick or not respond. After the AAT, they 

completed the operation span task, followed by the questionnaire booklet.

Results

Validity Of Group Assignment

Prior to analysis, the data were assessed for violations of the assumptions of 

normality and homogeneity of variance. The data was found to be non-normal for all 

comparisons, Shapiro Wilk < .05; consequently non-parametric Mann Whitney U tests 

were used.
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Group assignment based on responses to the ACQ and the BRTC aimed to 

distinguish two groups that differed in their ability to regulate their consumption. This 

relative inability to regulate consumption was operationalised as problem drinkers 

demonstrating relatively high level alcohol consumption and a relatively greater desire 

to drink less, compared to the non-problem drinkers. Table 1 shows that the two 

drinking groups differed significantly on all the questionnaire measures in the desired 

direction. The problem drinkers displayed higher weekly alcohol consumption on the 

ACQ and a higher desire to reduce alcohol consumption on the BRTC. A consistent 

pattern was found on the longer questionnaires. The mean total AUDIT score for the 

problem drinkers fell into the harmful and hazardous drinking category, whereas the 

non-problem drinkers fell into the low risk drinking category (Babor, Higgins-Biddle, 

Saunders, & Monteiro, 2002). Further, the problem drinkers had significantly higher 

scores on alcohol consumption, alcohol-related problems and alcohol dependence on the

AUDIT, as well as greater readiness to change on all three subscales of the SOCRATES.

Data Reduction For The Cogntive Tasks 

Outliers were screened following criteria recommended by Tabachnick and Fidell 

(2007). One participant had accuracy on the operation span task close to chance level 

(56% correct responses), and was removed from further analysis. Two participants, one 

from the non-problem and one from the problem drinking group, had approach-pull 

Alcohol Preference Indices (APIs) further than 3.3 standard deviations away from the 

mean of their respective group, and one participant from the non-problem drinking had 

an avoid-push API further than 3.3 standard deviations from the mean. These outliers 

were replaced with the next most extreme score in the distribution.

Following adjustment of the univariate outliers, the index scores were checked for

normality and multivariate outliers. The distributions of both approach-pull and avoid-
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Table 1

Group Differences in Alcohol Consumption, Dependency and Desire to Reduce Consumption

Group

Measure Non-Problem

M (SD)

Problem

M (SD)

U p

Brief screening questionnaires

 ACQ – Alcohol Consumption

 (std Drinks/week)

1.61 (0.62) 31.47 (20.16) 0.00 < .001

 BRTC – Desire to reduce

 Consumption

2.03 (0.16) 5.08 (1.22) 21.00 < .001

Extended questionnaires

 AUDIT – Total 3.45 (3.66) 17.17 (5.07) 33.00 < .001

 AUDIT – Consumption Subscale 2.33 (1.54) 8.36 (1.42) 25.00 < .001

 AUDIT – Dependence Subscale 0.43 (1.11) 2.58 (1.98) 262.50 < .001

 AUDIT – Problem Subscale 0.70 (1.45) 6.22 (3.44) 71.00 < .001

 SOCRATES – Ambivalence 5.75 (2.46) 10.55 (3.68) 216.00 < .001

 SOCRATES – Recognition 8.38 (1.75) 15.11 (5.27) 126.50 < .001

 SOCRATES – Taking Steps 12.83 (7.28) 17.08 (6.23) 415.00 < .001



push APIs were normal for both drinking groups (all Shapiro Wilk, p > .05), and no 

multivariate outliers were found (all Mahalanobis Distances < 3.3 standard deviations 

from the mean).

Comparison of Drinking Groups on AAT Indices

In order to assess drinking group related differences in alcohol preference on the AAT 

two linear mixed models2, with and without the approach-pull/avoid-push trial type as a 

factor, were run with alcohol preference index as the dependent variable (see Table 

2).The linear mixed models were used due to the presence of a continuous covariate 

(WMC) that has a relationship to the dependent variable that varies according to a 

repeated measures factor (approach-pull avoid-push trial type; see West, 2009).For 

Model 1, there was a significant three-way interaction between drinking group, trial 

type (approach-pull, avoid-push), and WMC, but no main effects or other lower level 

interactions3. Comparing Model 1 with Model 2 shows that without distinguishing 

between the approach-pull and avoid-push trials in Model 2, there is no drinking group 

by WMC interaction or other main effects, demonstrating that group differences are 

only observable when taking trial type into account.

In order to assess group differences in APIs, the three-way interaction observed in 

Model 1 was broken down by approach-pull/avoid-push trial type. The interaction was 

due to drinking group by WMC interaction in avoid-push trials (B = -25.22, t = -3.35, p 

= .001), but not the approach-pull trials (B = 15.14, t = 1.92, p = .06). Simple slopes 

2 Linear Mixed Models can account for the relationship between the repeated measures factor 
(Approach-pull/Avoid-push Trial Type) either by including a random coefficient that separately 
models the inter-individual difference (c.f., Cohen, Cohen, West, & Aiken, 2003) or, by allowing the 
residuals of the repeated measures to be correlated (c.f., Verbeke & Molenberghs, 2000). The analysis
was initially run using random coefficients; however these failed to converge on a solution. 
Consequently, following the recommendations of West, Welch & Galecki (2007) the analysis was run 
using the marginal means (i.e., based on the group averages, rather than on individuals), with the 
dependence between the repeated measures modelled as correlated residuals using an unstructured 
covariance matrix. The significance of each of the predictors is based on Restricted Maximum 
Likelihood estimations.

3 It may be of interest to note that these results replicate using the AUDIT total score as a continuous 
variable, instead of the dichotomous drinking group variable.
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Table 2

Linear Mixed Models of Alcohol Preference Indices, Comparing Models With and Without Approach-Pull/Avoid-Push Trial Type as a Factor 

Model 1: 

Full model

Model 2: 

Model without

Approach/Avoid Trial Type

distinction
Fixed Effect a B t p B t p

Group -2.17 -0.49 .63 -2.34 -0.53 .60

WMC -7.58 -1.59 .12 -7.81 -1.64 .10

Approach/Avoid -0.83 -0.15 .88 — — —

Group x WMC -5.04 -1.06 .29 -5.83 -1.23 .22

Approach/Avoid x Group 4.53 0.80 .43 — — —

Approach/Avoid x WMC 5.90 0.97 .34 — — —

Approach/Avoid x Group x WMC 20.18 3.32 .001 — — —

Note: a To account for the dependence between the repeated measures, the models used an unstructured covariance matrix, that allowed for correlated 

residuals between the approach-pull and avoid-push trials. 

Model fit indices: Model 1, -2LL = 1660.23, AIC = 1666.23, BIC = 1675.18; Model 2, -2LL = 1693.02, AIC = 1699.02, BIC = 1708.05.

Model 2 does not include the Approach/Avoid Trial Type main effect, as this most closely reflects the analysis that would be performed without 

considering the different trial types. However, controlling for the main effect of Approach/Avoid trial type by including it in Model 2 does not affect 

the other parameters in the model (the p values stay constant to 3 decimal places).



analysis revealed that the interaction consisted of a significant relationship between 

WMC and the API in the avoid-push trials for the problem drinkers (B = -38.70, t = 

-3.13, p = .002), but not the non-problem drinkers (B = 11.74, t = 1.36, p = .18). There 

was no relationship between WMC and API in the approach-pull trials for either 

problem drinkers (B = 13.47, t = 1.04, p = .30), or the non-problem drinkers (B = -16.82,

t = -1.86, p = .07).

As can be seen in Figure 2b the interaction could also be broken down to reveal 

group differences in the avoid-push trials. The group difference was such that relative to

non-problem drinkers, the problem drinkers are showing a preference for alcohol at low 

levels of WMC and less preference for alcohol at higher levels of WMC. The drinking 

group by WMC interaction observed in the avoid-push trials could reflect a difference 

between the drinking groups at high levels of WMC, at low levels of WMC, or both. In 

order to differentiate between these possibilities the drinking group by WMC interaction

was probed using the Johnson-Neyman technique (Hayes & Matthes, 2009). There was 

a significant difference between the problem drinkers and the non-problem drinkers at 

WMC below -1.16 standard deviations, indicating that problem drinkers with low WMC

demonstrate a relative preference for alcohol as indexed by slower response times away 

from alcohol relative to non-alcohol stimuli.

Surprisingly, there was also a significant difference between drinking groups 

above 0.32 standard deviations of WMC. Problem drinkers were showing less 

preference for alcohol than non-problem drinkers, as indexed by a relative speeding to 

move away from alcohol than non-alcohol stimuli. Therefore, problem drinkers with 

relatively high WMC were showing a relative increased ability to avoid alcohol 

compared to non-problem drinkers. This demonstrates that the interaction is due to 

group differences at both low and high levels of WMC.
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Figure 2. Alcohol preference indices for a) approach-pull and b) avoid-push trials, each 

comparing problem and non-problem drinkers at low and high levels of WMC (±1 SD). 

Note that the interaction is non-significant for the approach-pull trials.
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Comparison of Drinking Groups on WMC

A t-test was conducted to assess whether the drinking groups differed on WMC. 

No significant difference was found between the problem drinkers (mean z = 0.04, SD =

0.83) and the non-problem drinkers (mean z = -0.04, SD = 1.14) on operation-span 

score (t = -0.35, p = .73). This suggests that WMC capacity differences alone could not 

account for the problem drinkers increased difficulty regulating their alcohol 

consumption.

Discussion

The aim of the study was to determine whether the inability to regulate 

consumption was due to an imbalance between stimulus-driven and goal-directed 

sources of behavioural bias. It was argued that the inability to regulate consumption 

would be determined by three factors: a) action tendencies, which are stimulus-driven 

biases in behaviour determined by the incentive salience of the stimuli; b) whether goal-

directed control was required, which depends on whether the task-relevant approach or 

avoid response was incongruent with the action tendency; and c) WMC, which reflects 

the ability to exert goal-directed control. The results were consistent with this position. 

Specifically the study found a three-way interaction between drinking group, approach-

pull/avoid-push trial type, and WMC, such that a) group differences in AAT indices 

were only observed on the avoid-push trials, which are trials where the task-relevant 

response would be incongruent with an approach action tendency, and b) the extent of 

the group differences for these avoid-push trials was moderated by individual 

differences in WMC, such that problem drinkers with lower WMC showed greater 

behavioural bias towards alcohol than those with higher WMC. Together this suggests 

that the inability to regulate consumption is determined by the interaction of action 

tendencies, current goals or task demands, and WMC.
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The distinction between the approach-pull and avoid-push response trials was 

important for detecting regulatory-ability related group differences on the AAT, as 

without this distinction no differences between the groups or group by WMC 

interactions were observed. Trial congruence could therefore explain inconsistencies 

across previous studies; with some reporting a moderating effect of WMC (or other 

executive function) on the relationship between appetitive processing and consumption 

(Grenard et al., 2008; Peeters et al., 2012; Thush et al., 2008), and others not finding this

effect (Christiansen et al., 2012; van Hemel-Ruiter et al., 2011).

Consistent with the position that regulatory-ability linked group differences in the 

avoid-push alcohol preference index should be influenced by both the action-tendencies 

and goal-directed processing, the drinking groups differed only in avoid-push trials and 

this difference was dependent on individual differences in WMC. As predicted, for the 

problem drinkers WMC facilitated avoidance responses, but not approach responses. In 

contrast, for the non-problem drinkers WMC did not affect either avoidance or approach

responses.

Further examination of group differences in this relationship between WMC and 

alcohol preference in the avoidance trials revealed that for participants with low levels 

of WMC, problem drinkers showed greater preference for alcohol than non-problem 

drinkers. This is consistent with the assumption that problem drinkers have greater 

approach-alcohol action tendencies. The extent of this group difference increased with 

decreasing levels WMC, consistent with the position that individual differences in 

WMC were impacting the ability to overcome approach-alcohol action tendencies.

In contrast, problem drinkers with high levels of WMC showed a relatively 

enhanced ability to avoid alcohol compared to non-problem drinkers. While not 

predicted, an explanation of this finding has been suggested by simulations of 
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attentional processes, which demonstrate that increased effort leads to increased goal-

directed biasing of processing towards task-relevant information, which in turn reduces 

reaction times (c.f., Cohen, Dunbar, & McClelland, 1990; Mathews & Mackintosh, 

1998; Williams et al., 1996). When goal-directed biasing is relatively strong compared 

to the stimulus-driven biasing, there can be a reduction in processing of the salient 

stimuli (Frewen, Dozois, Joanisse, & Neufeld, 2008). This means that participants with 

sufficient WMC could be overcompensating when presented with the distracting alcohol

content. In this case when alcohol is presented, people with sufficient WMC can 

increase the goal-directed biasing of processing towards of the task-relevant 

information, to an extent that is greater than the biasing from the action tendency. This 

increased processing of the task-relevant information leads to a reduction in response 

latency for trials with alcohol images.

This raises the question, if these high WMC problem drinkers have the ability to 

override their approach-alcohol action tendencies, then why are they still drinking at 

levels they find problematic. There are two likely possibilities (c.f., Field, Wiers, 

Christiansen, Fillmore, & Verster, 2010). The first is that there may be situations in 

which these participants have reduced WMC, and in these situations they will display 

the biased behaviour observed by the participants with lower WMC. In this case these 

participants may experience the inability to regulate consumption because they 

frequently are in situations that temporarily reduce WMC, such as situations of high 

emotionality, or times when their executive abilities have been exhausted by previous 

decision-making (Baumeister, Bratslavsky, Muraven, & Tice, 1998; Tice, Bratslavsky, &

Baumeister, 2001). Such depletion may not only remove the ability to exert control, but 

additionally act to increase the approach motivation (Schmeichel & Harmon-Jones, 

2010). The second possibility is that there may be situations in which the high WMC 
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people have approach-alcohol action tendencies stronger than their ability to overcome. 

In this case these participants may experience the inability to regulate consumption 

because they frequently encounter contexts that contribute to stronger activation of the 

action tendencies, such as bars with regular drinking companions, for which their 

working memory abilities – though relatively high – are insufficient to override the 

powerful action tendencies (c.f., Krank & Wall, 2006).

Considering the congruent trials, there was no significant difference between the 

drinking groups. While this result was unexpected, it is partially consistent with both 

simulations (Cohen et al., 1990) and previous empirical data (e.g., Dunbar & MacLeod, 

1984) that have demonstrated that the same stimuli give substantially smaller effect 

sizes when facilitating responses in congruent trials than when they interfere with 

responses in incongruent trials. This result is perhaps not surprising, as it seems intuitive

that the imbalance between action tendencies and the ability to control them will only be

observable under situations where participants are attempting to exert control. Indeed 

observing differences in response times in the congruent approach-pull trials would be 

equivalent to observing differences in the drinking rates of problem and non-problem 

drinkers while neither of them is attempting to restrain their drinking, in contrast to 

situations where they are attempting to restrain and the differences may be more 

apparent. It is possible that either stronger stimuli or context may be required to notice 

any facilitation effects in the approach-pull trials.

A further reason for the lack of group differences in the approach-pull trials could 

be due to the initial smaller image size, which arose from a methodological trade-off of 

the initial joystick position. The task was designed so that the trials start with the 

joystick in an extreme position for the benefit of preventing response conflict 

manifesting as errors, and preventing the expectancy that one of the response 
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movements would be required. In addition the task had a constant mapping between the 

joystick position and the image size, in order to maintain the simulation that the joystick

location directly relates to the beverage distance. The trade off for these aspects of the 

task design is that the beverage images were initially presented in a different size for the

two trial types, which introduces a confound between the trials and could have affected 

the results.

A second methodological trade-off arose from the ordering of the tasks. The 

WMC task was completed after the AAT to prevent any fatigue from the WMC task 

affecting performance on the AAT. The trade-off for this is that fatigue from the AAT 

could have affected performance on the WMC task. However, since there were no group

differences in the WMC performance, it is unlikely that the groups' WMC performance 

was differentially affected by completing the AAT.

There are several other limitations to the present study that should be noted. First, 

while the results are consistent with the position that individual differences in WMC 

contribute to the inability to regulate alcohol consumption, the opposite causal direction 

can not be ruled out by the current experiment. It is also possible that the approach-

alcohol action tendencies cause increased alcohol consumption, which in turn causes the

reduced WMC. Although, the lack of observed differences in WMC across drinking 

groups in the current experiment makes this a less likely explanation. However, if this 

was the case, group differences in the amount of alcohol consumption, and not 

differences in the ability to regulate consumption per se, would be responsible for the 

WMC interaction. Indeed when relative WMC deficits have been found in alcohol-

dependent populations (Ambrose, Bowden, & Whelan, 2001; Loeber et al., 2009; Tapert

et al., 2004; Townshend & Duka, 2005) or heavy users of other drugs (e.g., Nulsen, Fox,

& Hammond, 2010, 2011) they have often been attributed to the neuro-toxic effects of 
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substance use rather than contributing to the eitiology of the use. Others have also 

suggested that the relationship could be bi-directional (c.f., Gladwin et al., 2011; 

Verdejo-García, Lawrence, & Clark, 2008; de Wit, 2009). Future research could test 

whether WMC is indeed contributing to the inability to regulate consumption by 

manipulating WMC using secondary loads during task performance.

Second, the generalisability of our results is limited to people who report that they

are unable to regulate their consumption. The present results are unable to inform the 

reasons why people with the ability to regulate continue to drink at harmful levels. 

Indeed we would not expect to find the same imbalance between action tendencies and 

WMC in such a group, which was the principle reason that our problem drinker group 

was constructed to exclude such people. An explanation for their drinking behaviour 

would additionally need to account for why such people do not attempt to restrain. This 

may require consideration of interpersonal factors such as peer group influences (Cruz, 

Emery, & Turkheimer, 2012), or the degree that people expect consumption to lead to 

certain outcomes (Goldman, 2002).

Third, it is unclear whether the same interactions between sources of behavioural 

bias would generalise to other appetitive substances, such as high-fat foods. Several 

studies have begun to demonstrate that eating behaviour is determined by the interaction

of the stimulus-driven appetitive processes and goal-directed control (Friese, Hofmann, 

& Wänke, 2008; Hofmann, Rauch, & Gawronski, 2007; Hou et al., 2011), however no 

study has yet considered the differential roles of the processing biases at the level of 

trial types that have different task demands within the assessment tasks.

Finally, the present sample consisted of university students and, despite the 

relatively high levels of possible alcohol dependence (according to the AUDIT scores), 

it is uncertain whether the results would generalise to clinical populations. Future 
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research should examine if the observed pattern of behavioural preference exists in 

clinical populations. If this result was replicated in a clinical population it could have 

specific clinical implications. Specifically, the three interacting components of action 

tendencies, WMC, and state motivation to exert control could each be considered as 

specific vulnerability points for the assessment of alcohol-related problems, and also the

target of specific interventions. In the assessment of alcohol vulnerability, abnormal 

levels of any factor in isolation would confer vulnerability, but an imbalance between 

the factors would be required for the vulnerability to manifest as an alcohol problem. 

For example, a person with relatively low levels of WMC could be considered at 

increase risk for alcohol-related problems. This risk could turn into an alcohol-related 

problem, should there be increased incentive-sensitisation to alcohol or low motivation 

to restrain their drinking.

Specific targeted interventions for each vulnerability point could include; reducing

approach-alcohol action tendencies with cognitive bias modification (MacLeod, Koster, 

& Fox, 2009; Mathews & MacLeod, 2002; Wiers et al., 2008, 2011) or cue exposure 

procedures (Monti & MacKillop, 2007; Rohsenow et al., 2001), strengthening WMC 

using new WMC training procedures (Gladwin et al., 2011; Houben, Wiers, et al., 2011; 

Klingberg, 2010), and increasing motivation to reduce or refrain from consumption 

using motivational interviewing (Hettema, Steele, & Miller, 2005; Miller & Rollnick, 

2002).

In conclusion, the current results support the hypothesis that action tendencies as 

assessed by the AAT reflect a combination of action tendencies and WMC, and that 

these are differentially reflected in approach-pull and avoid-push response trials. 

Further, this highlights the importance of considering not only the degree to which 

people are sensitised to alcohol, but also their ability to exert control, and their state 
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motivation to exert that control as interacting factors that determine whether they will 

experience an inability to regulate alcohol consumption.
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Abstract

Aims. To assess whether alcohol-related biases in selective-attention and action 

tendency uniquely or concurrently predict the ability to regulate alcohol consumption.

Design and Participants. Two groups of undergraduate social drinkers (total 

N=55) who differed in their ability to regulate their alcohol consumption completed a 

novel Selective-Attention/Action-Tendency Task (SA/ATT), which separately assessed 

alcohol-related biases in selective attention and action tendency.

Setting. University of Western Australia, Perth, Australia.

Measurement. Dysregulated drinking was operationalised as a self-reported high 

level of alcohol consumption on the ACQ, and a high desire to reduce consumption on 

the BRTC. Selective attention and action tendency were assessed using the SA/ATT, 

working memory was assessed using the operation-span task, and participant 

characteristics were assessed using the AUDIT and SOCRATES. 

Findings. Results indicated that a) there was no significant association between 

alcohol-related biases in selective attention and action tendency, r = 0.16, p =.274, and 

b) biases towards alcohol, in both selective attention, β=1.01, odds ratio = 2.74, p = .

022, and action tendency, β=1.24, odds ratio = 3.45, p = .015, predicted independent 

variance in dysregulated-drinker status.

Conclusion. Biases in selective attention and action tendency appear to be distinct

mechanisms that independently contribute to difficulty regulating alcohol consumption. 

Treatment components that could be combined to target both mechanisms may enhance 

treatment outcomes for alcohol-use disorders.
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Alcohol-Related Biases in Selective Attention and Action Tendency Make Distinct

Contributions to Dysregulated Drinking Behaviour

A defining diagnostic criterion of alcohol dependence is that people maintain high 

levels of consumption despite a “persistent desire to cut down or regulate substance use”

(American Psychiatric Association, 2000, p. 194; Criterion 4). This pattern of 

dysregulated drinking has been attributed to stimulus-driven (or “bottom-up”) biases in 

two processes (Franken, 2003a; Gladwin et al., 2011; Robinson & Berridge, 2003; 

Wiers et al., 2007). The first is selective attention to alcohol, which is the automatic 

orienting towards, and processing of, alcohol-related information in preference to other 

stimuli. The second is an approach-alcohol action tendency, which is an automatic 

inclination to approach and consume alcohol. These biases in selective-attention and 

action-tendency are not only associated with dysregulated drinking (Field et al., 2009; 

Robbins & Ehrman, 2004; Watson, Wit, Hommel, & Wiers, 2012), but preliminary 

evidence suggests they causally contribute to addictive behaviour (MacLeod, 2012; 

Wiers et al., 2013). 

Alcohol-Related Biases In Selective Attention And Action Tendency: Common Or 

Distinct Mechanisms?

Alcohol-related biases in selective attention and action tendency are both part of 

the appetitive-motivational response to alcohol, but as yet the relationship between these

biases has not been clearly established. One possibility is that the two forms of bias are 

concurrent manifestations of the same underlying selectivity mechanism which 

underpins the preference for alcohol across both processes (i.e. reflect a common 

mechanism). Alternatively, it is possible that the two biases are manifestations of 

selectivity from two separate mechanisms that make independent contributions to 

dysregulated drinking (i.e. reflect distinct mechanisms).

70



These competing possibilities lead to different predictions concerning whether 

measures of alcohol-related selective attention and action tendency will share common 

variance, and if so whether it is through this shared variance, or through independent 

variance, that they each are associated with dysregulated drinking. 

So far the research investigating the extent of common variance between the two 

processes has been equivocal (Van Den Wildenberg et al., 2006; Field et al., 2007; 

Schoenmakers et al., 2008). However, two factors limit the conclusions that can be 

drawn from these findings. First, when a correlation between the measures of selective 

attention and action tendency has been found, there has been no evidence that the 

common variance is related to an indicator of dysregulated drinking (such as alcohol 

consumption, or alcohol-induced heart rate acceleration; Van Den Wildenberg et al., 

2006). This suggests that the bias measures might not be primarily assessing variance 

from a selectivity mechanism that contributes to dysregulated drinking. Instead, the 

variance may primarily be common-method variance. Thus determining whether the 

two bias measures are assessing common or distinct processes, requires first ensuring 

that the measures are assessing variance related to dysregulated drinking.

Second, these studies have assessed selective attention and action tendency using 

vastly divergent methodologies. Therefore, when a correlation between the measures 

has not been found (e.g., Field et al., 2007) it could be due to the variance from a 

selectivity mechanism being masked by differential-method variance. This differential-

method variance could arise from differences in methodological parameters, such as the 

nature of the stimuli, their manner of exposure, or the differential working memory 

(WM) demands of the task (Klauer, Schmitz, Teige-Mocigemba, & Voss, 2010; Mierke 

& Klauer, 2003). Thus, determining whether the two bias measures are assessing 

common or distinct processes requires using equivalent methodological parameters so 
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that any observed difference can be attributed to distinct processes, and not differential-

method variance.

Importantly, although some previous studies sought to investigate whether there is

a correlation between measures of alcohol-related selective attention and action 

tendency, no research has yet sought to determine whether or not these two types of 

selectivity are independently associated with dysregulated drinking. This was the central

objective of the present study.

The Present Study

The present study aimed to distinguish between the common-mechanism and 

distinct-mechanism accounts of alcohol-related biases in selective attention and in 

action tendency. To distinguish the validity of these hypotheses, two groups of alcohol 

drinkers who differed on their ability to regulate their alcohol consumption completed a 

novel Selective-Attention/Action-Tendency Task (SA/ATT) that assessed alcohol-

related selective attention and action tendency. Dysregulated drinkers were selected on 

the basis of reporting heavy drinking and a motivation to reduce consumption. In 

contrast, light drinkers were selected on the basis of reporting light alcohol consumption

in manner not inconsistent with their intentions. 

Alcohol-related biases were assessed by simultaneously exposing participants to a 

beverage image and a non-representational image, and assessing the speed with which 

they could shift either their attentional focus, or their physical proximity, relative to 

these stimuli. Alcohol-related biases would be revealed by differential response 

latencies when the beverage was alcohol compared to non-alcohol. 

We also used three procedures designed to minimise potential method-variance 

confounds. First, it was necessary to ensure that the selective-attention and action-

tendency measures assessed variance related to dysregulated-drinker status. Second, 
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task parameters were held constant across selective-attention and action-tendency trials, 

in order to ensure that any differences between selective-attention and action-tendency 

assessment can be attributed to the different processes, and not to differential-method 

variance. Third, we also assessed WM in order to partition method variance arising from

the WM requirements of the task. 

As WM requirements could vary across trials that require shifting towards 

(engagement) versus shifting away (disengagement) from alcohol (Ernst et al., 2012; 

Sharbanee, Stritzke, Wiers, Young, et al., 2013), we separately assessed alcohol-related 

biases in each of these trial types. The separate assessment of trial types is also desirable

since alcohol-related biases are more evident when impeding disengagement responses, 

rather than facilitating engagement responses, for both attention (Field, Mogg, & 

Bradley, 2006; Field et al., 2009) and action tendencies (Sharbanee, Stritzke, Wiers, 

Young, et al., 2013).

We anticipated that consistent with previous findings, greater alcohol-related 

biases in both selective attention and action tendencies would predict dysregulated-

drinker status. If the alcohol-related biases in selective attention and action tendency are

due to a common mechanism, we should expect to observe a substantial correlation 

between the resulting measures of alcohol-related selective attention and action 

tendency. No such prediction is generated by the discrete-mechanism hypothesis. 

Moreover, according to the common-mechanisms hypothesis, variance in alcohol-

related selective attention and variance in alcohol-related action tendency should not 

predict drinking-group status independently of one another. In contrast, according to the 

distinct-mechanisms hypothesis, variance in alcohol-related selective attention and 

variance in alcohol-related action tendency should predict drinking group status 

independently of one another. 
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Method

Participants

Two groups of alcohol drinkers who differed in their self-reported capacity to 

regulate their alcohol consumption were recruited from a pool of 616 undergraduate 

psychology students, consistent with the criteria of Sharbanee et al. (2013). 

Dysregulated drinkers (N = 28) were selected on the basis of (a) high self-reported 

alcohol consumption (i.e., 14 or more standard drinks per week on the Alcohol 

Consumption Questionnaire; ACQ; which represents the top third of the screening 

sample), and (b) a high desire to reduce their alcohol consumption (i.e., a score of 4 or 

more on the Brief Readiness to Change Algorithm; BRTC; which represents the top half

of the screening sample), therefore acknowledging difficulty in regulating their alcohol 

consumption. Light drinkers (N = 27) were selected on the basis of (a) low self-reported

alcohol consumption (i.e., 4 or less standard drinks per week on the ACQ, which 

represents the bottom third of the screening sample), and (b) a low desire to reduce their

alcohol consumption (i.e., a total of 3 or less on the BRTC, which represents the bottom 

half of the screening sample), therefore reporting no difficulty regulating their alcohol 

consumption. Potential participants were considered ineligible if they indicated that they

never drank alcohol. Participants received course credit for participation.

We re-administered the screening instruments at test time to ensure that the groups

remained reliably separated on alcohol consumption. We excluded four dysregulated 

drinkers and one light drinker for swapping to the other side of the medium ACQ 

alcohol-consumption distribution, consistent with Sharbanee et al (2013). Two further 

participants were removed from the light drinkers, one who reported not understanding 
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the task instructions, and one whose accuracy on the WM task fell below the 75% 

required to ensure adequate task engagement. This left 24 dysregulated drinkers and 24 

light drinkers, with no significant difference in age or gender ratio.

Questionnaires

Brief measures of alcohol consumption (McEvoy et al., 2004; adapted from 

Cahalan et al., 1969), and motivation to reduce alcohol consumption1 (Epler et al., 2005) 

were used for the initial screening. We further assessed relevant group characteristics at 

the time of testing using the AUDIT to assess alcohol consumption, dependence, and 

alcohol-related problems (Kokotailo et al., 2004; Saunders et al., 1993), and the 

SOCRATES to assess motivation to reduce alcohol consumption (Carey et al., 2001; 

Miller & Tonigan, 1996).

Stimuli

There were 256 pairs of beverage and non-representational images. The beverage 

images consisted of half alcohol and non-alcohol beverages that were maximally 

equivalent apart from the presence of alcohol content. There were four different types of

alcoholic (beer, wine, spirits, and pre-mixed spirits) and non-alcoholic drink images and

there were four different examples of a drink within each of these drink types. Two 

examples drink within each of these drink types. Two examples of each drink type were 

photographed in unique combinations of four different locations (e.g., on an outdoor 

wooden park table, or on an indoor table with a table cloth), and four different actions 

(e.g., being poured, or being handed towards the camera).

The 256 non-representational images were constructed from cropping small 

segments of abstract art, selected to contain variations in form and colour, but devoid of 

1 Correlation analysis showed that there was a negative relationship between the BRTC item assessing 
successful reduction in alcohol consumption and the item that assessed whether they think they drink 
more than they should. Consequently, consistent with Sharbanee et al. (16), the item assessing 
successful reduction in consumption was not used in the further analysis, so that the remaining two 
items reflected unrealised desire to reduce alcohol consumption.

75



representations of specific objects. A further 32 images of stationary and office 

equipment were used for the practice trials.

Selective-Attention/Action-Tendency Task

Task overview. The task contained trials designed to measure alcohol-related bias

in both selective attention and action tendency. Trials assessing selective attention 

required that participants shifted their focus of attention relative to the beverage images.

The trials assessing action tendency, required that participants shifted their hand relative

to the beverage image. The selective-attention assessment trials and the action-tendency 

assessment trials only differ in the task parameters required to ensure shifting of 

attentional focus or physical proximity respectively, and are otherwise equivalent in 

terms of stimuli, and spatial and temporal parameters. The task contained 512 trials, 

consisting of alternating blocks of 16 trials assessing either selective attention or action 

tendency.

Selective-attention assessment trials. Each trial commenced with the 

presentation of two 9 cm² square outlines 165 mm apart on either side of the screen 

(Figures 1a and c; Panel 1). 500 ms later, a high (500 hz) or low (150 hz) tone instructed

the participants to locate their attentional focus in one of two screen locations in order to

identify the first probe (Panel 2). 1300 ms after the tone onset, the probe (a 4mm line in 

either horizontal or vertical orientation) was presented in the indicated location for 

200ms (Panel 3). Following this, an image pair appeared in the outlines, one of which 

was a beverage image (50% probability alcohol, and 50% probability non-alcohol) 

while the other was non-representational (Panel 4). 500ms later a second probe and a 

foil probe were presented, one in the locus of each image, simultaneously with the 

second tone (Panel 5). The second tone instructed the participants to either keep their 

attentional focus in the original locus (50% of trials) or else shift to the opposing screen 
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a) Selective-Attention Assessment, engagement trial

b) Action-Tendency Assessment, engagement trial

c) Selective-Attention Assessment, disengagement trial

d) Action-Tendency Assessment, disengagement trial

Figure 1. Selective-attention and action-tendency assessment trials. In the selective-

attention assessment trials, attention is secured by requiring participants to identify lines

as matching or non-matching (subfigures a, c). In the action-tendency assessment trials, 

physical proximity is secured by requiring participants to touch the screen (subfigures b,

d). In both selective-attention and action-tendency assessment trials, tones instruct the 

participants to respond such that they either engage with (subfigures a, b), or disengage 

from (subfigures c, d) the beverage image.
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location in order to identify the second probe. These latter ‘shift’ trials provided the data

of interest, as they enabled assessment of the time taken to make this shift with the 

differing stimuli. Participants were required to indicate via a mouse button whether the 

first probe and the second probe were of matching orientation. Thus, successful task 

completion required that attentional focus was sequentially allocated to the locations of 

the two probes. The two images remained on screen until this response was made and 

then the screen was blanked. The next trial followed after a one second inter-trial 

interval. Response latency was recorded from the second tone onset until the response 

was detected. To encourage participants to respond correctly, a 10-second ‘time out’ was

given when an incorrect response was made.

Action-tendency assessment trials. Each trial commenced with presentation of 

square outlines equivalent to the selective-attention assessment (Figures 1b and d; Panel

1). 500 ms later, a high (500 hz) or low (150 hz) tone instructed the participants to 

locate their finger in one of two screen locations (Panel 2). Participants had to touch the 

centre of the indicated outline and keep their finger in place until the second tone 

sounded (Panel 3). Once participants had held their finger down for 200ms, and at least 

1500ms since the first tone had past, an image pair appeared in the outlines, one of 

which was a beverage image (50% probability alcohol, and 50% probability non-

alcohol) while the other was non-representational (Panel 4). 500ms later the second tone

sounded, instructing the participants to either keep their finger in the original locus 

(50% of trials) or else shift to the opposing screen location (Panel 5). These latter ‘shift’ 

trials provided the data of interest, as they enabled assessment of the time taken to make

this shift with the differing stimuli. Successful task completion required that the 

participants’ hand sequentially touched the locations indicated by the tone identities. 

The two images remained on screen until this response was made and then the screen 
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was blanked. The next trial followed after a one second inter-trial interval. Response 

latency was recorded from the second tone until the correct touch response was 

detected. A 10-second ‘time out’ was triggered by premature lifting of the finger before 

the second tone.

Operation-Span Task

The operation-span is a WM task that requires participants to alternate between 

answering whether simple arithmetic equations are true or false, and reading of a 

consonant letter to be remembered for subsequent recall (for task details see 

Lewandowsky et al., 2010). The product of the mean memory score and the mean 

equation accuracy was calculated for each participant to create a composite score that 

accounts for both letter recall and equation accuracy.

Procedure

Participants first completed the SA/ATT, starting with a practice block of each 

selective-attention and action-tendency trials followed by the assessment trails. 

Participants were instructed to respond as quickly and accurately as possible. They then 

completed the operation-span task, followed by the questionnaires.

Statistical Analysis

Bias indices were calculated using median reaction times following the 

recommendations of Fazio (1990b) and in keeping with previous research (e.g., 

Schoenmakers et al., 2010, 2007; Sharbanee, Stritzke, Wiers, Young, et al., 2013; Wiers 

et al., 2009). Medians are frequently used in reaction time paradigms as they are less 

adversely affected by skewed data or outliers and do not require arbitrary cut offs (such 

as removing reaction times greater than 2000 ms).

The presence of a bias will be revealed by facilitated response times on trials that 

require shifting towards the alcohol relative to non-alcohol stimuli (engagement trials), 
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or by impaired response times on trials that require shifting away from the alcohol 

relative to non-alcohol stimuli (disengagement trials). Therefore, alcohol-bias indices 

for the engagement trials were calculated by subtracting the median shift latency for 

alcohol trials from the non-alcohol trials, so that a positive score reflects facilitated 

shifting towards alcohol. Alcohol-bias indices for the disengage trials were calculated 

by subtracting the median shift latency for non-alcohol trials from the alcohol trials, so 

that a positive score reflects impaired shifting away from alcohol. Therefore, a positive 

score consistently represents a preference for alcohol relative to non-alcohol.

These index scores were subject to correlation and logistic regression analyses 

using R-2.15.2 (R Core Team, 2013). Given our achieved sample size of 48, and a 

projected effect size of odds ratio = 2.7, we anticipated the power for the logistic 

regression to be 0.812.

Results

Group Characteristics 

As required, the dysregulated drinkers reported higher weekly alcohol 

consumption and a higher desire to reduce alcohol consumption on the screening 

questionnaires, than did light drinkers (see Table 1). Similarly, the dysregulated drinkers

reported more consumption, alcohol-related problems, and dependence on the AUDIT, 

and greater desire to reduce consumption on all subscales of the SOCRATES, than did 

light drinkers. The two groups did not differ on WM.

Selective-Attention and Action-Tendency Indices: Common Variance?

To examine the extent of common variance between alcohol-related biases in 

selective-attention and action tendency, we ran a correlation between the disengagement

2 The sample size was determined by the amount of participants that we managed to test before the end of a study period. A 
previous meta-analysis (Rooke, Hine, & Thorsteinsson, 2008) indicated an average effect size of r = .31 (with action tendency r
= .34, and selective attention r = .26). The average r score was first converted into a d score and then to into odds ratio using 
the dcox transformation recommended by Sanchez-Meca et al. (2003). A power analysis was conducted using G-Power 3.1.2 
(Faul, Erdfelder, Buchner, & Lang, 2009) with the resultant odds ratio = 2.7 and a sample size n = 48 giving an anticipated 
power of 0.81
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Table 1

Characteristics of Light and Dysregulated Drinkers

Group

Measure Light 
Drinkers
n = 24

Dysregulated 
Drinkers
n = 24

Demographics

 Age:  (SD)xx 18.76 (4.78) 17.78 (0.74) t = 0.93

 Gender: % female 63 50 χ² = .76

Questionnaires  (SD)xx  (SD)xx t

 ACQ – Alcohol Consumption
    (std Drinks/week)

2.57 (0.42) 27.41 (5.74) 4.32***

 BRTC – Desire to Reduce Consumption 1.50 (0.24) 6.21 (0.78) 5.77***

 AUDIT – Total 4.50 (0.65) 13.70 (1.21) 6.68***

 AUDIT – Consumption Subscale 3.04 (0.33) 7.58 (0.41) 8.63***

 AUDIT – Dependence Subscale 0.58 (0.18) 1.79 (0.39) 2.79**

 AUDIT – Problem Subscale 0.88 (0.30) 4.33 (0.62) 5.00***

 SOCRATES – Ambivalence 6.67 (0.53) 10.54 (0.81) 4.00***

 SOCRATES – Recognition 9.67 (0.53) 13.88 (0.97) 3.82***

 SOCRATES – Taking Steps 13.08 (0.96) 17.91 (1.53) 2.67*

Operation-Span Score 0.63 (0.66) 0.62 (0.63) 0.73

 Note: Due to evidence of non-normal distributions, all comparisons were repeated 

using non-parametric Mann-Whitney U tests. There were no differences in the reported 

levels of significance. ACQ = Alcohol Consumption Questionnaire; BRTC = Brief 

Readiness to Change Algorithm; AUDIT = Alcohol Use Disorders Identification Test; 

SOCRATES = The Stages of Change Readiness and Treatment Eagerness Scale. * p < .

05; ** p < .01; *** p < .001.
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selective-attention index and the composite action-tendency index. The correlation was 

small and non-significant, r = 0.16, 95% CI [-0.13,0.43], p =.274, and remained so 

when restricted to either drinking group, or when using only the action-tendency index 

from either engage/disengage trials (rs < |.16|, ps < .298).

Group Differences in Alcohol-Related Biases

Prior to testing the common/distinct-mechanism hypotheses, it was necessary to 

ascertain that the bias indices are related to dysregulated drinking3. A series of t-tests 

showed that dysregulated drinkers had greater bias towards alcohol than the light 

drinkers on three of the four bias indices (Table 2). Thus these bias indices were 

assessing variance related to dysregulated drinking as required. The action-tendency 

indices were then combined into composite action-tendency index (the standardised 

product of the indices from the engagement and disengagement trials), for use in the 

subsequent analyses. In contrast, the groups did not differ in the selective-attention 

index from the engagement trials. Thus contrary to the requirement, this index is not 

assessing variance related to problem drinking and was consequently not used for the 

subsequent analyses.

Selective-Attention and Action-Tendency Indices: Unique Variance? 

Next we ran a logistic regression to see whether the disengagement selective-attention 

index and the composite action-tendency index predicted unique variance in drinking- 

group membership4. Together, the bias indices significantly predicted drinking-group 

3 Prior to analyses, the data were screened for univariate and multivariate outliers. Two multivariate 
outliers were detected on the basis of high influence above common cut-offs (DFFITS > 2√((k+1)/n), 
Cook’s d > 4/n) and were clearly separated from the rest of the distribution. One was a problem 
drinker with DFFITS = 1.02, Cook’s d = 0.22, the other was a non-problem drinker with DFFITS = 
-0.82, Cook’s d = 0.31. These participants were removed from the analysis.

4 The analysis could also have been conducted by assessing group differences in the indices instead of 
using a logistic regression. However, since there could be an interaction between the continuous 
covariate of the process being partialled out and the repeated-measures factors 
(engagement/disengagement trial type) the data would not be suitable for analysis using a simple 
regression (for which the data would violate the assumption of independence due to the repeated 
measures) or a repeated-measures ANCOVA (which would fail the assumption of homogeneity of 
regression slopes). However, linear mixed models could be used in order to accommodate the 
dependency across the repeated-measures factors (West, 2009). Reassuringly, consistent results are 
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Table 2

Two sample t-tests on the group differences in alcohol-bias indices for selective attention and action tendency.

Predictor Light Drinkers

 (SE)xx

Dysregulated

Drinkers  (SE)xx

Difference 95% CI of

Difference

t p

Selective-Attention Index 
(Engagement Trial)

13.21 (29.05) -22.43 (30.05) 35.65 [-48.59,199.90] 0.85 .398

Selective-Attention Index 
(Disengagement Trial)

-28.91 (23.05) 71.52 (30.73) -100.43 [-178.04,-22.83] -2.61 .012

Action-Tendency Index 
(Engagement Trial)

-35.85 (10.85) 7.09 (14.46) -42.93 [-79.47,-6.40] -2.37 .022

Action-Tendency Index 
(Disengagement Trial)

-53.67 (25.98) 19.71 (19.79) -73.39 [-139.35,-7.43] -2.24 .030

obtained using such an analysis.



membership, χ²(2) = 15.39, p<.001, with each predictor showing significant independent

variance in drinking-group status. One standard deviation in selective attention towards 

alcohol was associated with a 2.7 times increase in the probability of dysregulated-

drinker status, independent of the action tendency, β=1.01, odds ratio = 2.74, 95% CI 

[1.25,7.28], p = .022. Similarly, one standard deviation in action-tendency towards 

alcohol was associated with a 3.4 times increase in the probability of dysregulated-

drinker status, independent of selective attention, β=1.24, odds ratio = 3.45, 95% CI 

[1.45,10.97], p = .015. This suggests that both processes predict substantial independent 

variance in drinking-group status, consistent with the distinct-mechanism hypothesis.

To assess the possibility of WM confounds, we re-ran the logistic regression 

adding WM and the associated interactions. The additional WM parameters did not 

significantly improve the model’s prediction, χ²(2) = 1.91, p = .591, and all WM 

parameters were non-significant, βs < 0.65, ps > .197. Further, the main effects of 

selective-attention and action-tendency indices remained significant once partialling out 

the variance in WM. This suggests that individual differences in WM did not make a 

substantial contribution to the variance in the indices, and that the independent 

predictive utility of the selective-attention and action-tendency indices cannot be 

accounted for by differing WM demands.

Discussion

The current findings support the distinct-mechanism account of alcohol-related 

biases in selective attention and action tendency. Alcohol-related biases in both selective

attention and action tendency predicted dysregulated-drinker status, consistent with 

research using other methodologies (Field et al., 2009; Robbins & Ehrman, 2004; 

Watson et al., 2012) which helps to establish the convergent validity of the novel 

SA/ATT methodology. Importantly, each process independently predicted dysregulated-
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drinker status, after controlling for the other process. This finding is the first evidence to

indicate that each type of bias is independently related to difficulty regulating alcohol 

consumption. 

Further, the independent predictive utility of selective attention and action 

tendency cannot simply be explained by differing WM demands, since there was no 

evidence that WM affected the SA/ATT response latencies. This contrasts with alternate 

methodologies (Friese, Bargas-Avila, Hofmann, & Wiers, 2010; Sharbanee, Stritzke, 

Wiers, Young, et al., 2013), and may suggest the SA/ATT is less susceptible to WM 

confounds. 

Considering the relationship between the selective-attention and action-tendency 

biases, only a small non-significant correlation was observed, consistent with previous 

findings (Van Den Wildenberg et al., 2006; Field et al., 2007). This suggests that if a 

relationship exists, it would be relatively small.

The measure of selective attention to alcohol in the engagement trials was not 

related to dysregulated drinking, consistent with some previous findings (Field et al., 

2006, 2009). This is likely a ceiling effect arising from the limited ability to speed up an

already rapid response. In contrast, on the disengagement trials the attentional bias is 

opposing the task-relevant response and therefore is not subject to the same ceiling.

One limitation of the present study is that the results can only explain 

dysregulated drinking, and are unable to explain why people who can control their 

drinking often choose to drink at harmful levels. We do not expect this latter type of 

harmful drinking behaviour is due to strong appetitive relative to control processes, 

since they can by definition control their consumption. Therefore factors other than 

selective attention and action tendency are needed to explain such harmful consumption.
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The present results provide the first evidence that alcohol-related biases in 

selective attention and action tendencies represent distinct mechanisms that uniquely 

contribute to dysregulated drinking. This finding has important treatment implications, 

since treatments could potentially derive their efficacy from affecting either one of the 

two mechanisms. Importantly, if a treatment only affects one mechanism then the 

unaffected mechanism could be responsible for poor treatment outcome or relapse. For 

example, mindfulness treatments have been shown to reduce selective attention to 

alcohol (Garland, Gaylord, Boettiger, & Howard, 2010), but not to reduce approach-

alcohol action tendencies5 (Ostafin, Bauer, & Myxter, 2012). Similar research into other 

treatments could lead to the identification of treatment components that could be 

combined to comprehensively target the distinct mechanisms. In a similar manner, the 

addition of training procedures that aim to modify either selective attention 

(Schoenmakers et al., 2010) or action tendency (Cousijn, Goudriaan, & Wiers, 2011; 

Eberl et al., 2013), have shown some positive effect on treatment outcome. The present 

findings suggest that combining these training interventions could further improve 

outcomes. Therefore, the present research takes an important step in distinguishing 

between potential targets for therapeutic intervention.

5 Although this study did not report the reduction in action tendencies per se, it did report a reduction in
the relationship between the action tendencies and drinking behaviour. This suggests a process other 
than a change in action-tendency was responsible for the treatment efficacy.
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Abstract

Training people to respond to alcohol images by making avoidance joystick 

movements can affect subsequent alcohol consumption, and has shown initial efficacy 

as a treatment adjunct. However, the mechanisms that underlie the training’s efficacy 

are unknown. The present study aimed to determine 1) whether the training’s effect is 

mediated by a change in action tendency or a change in selective attention, and 2) 

whether the training's effect is moderated by individual differences in working memory 

capacity (WMC). Three groups of social drinkers (total N=74) completed either 

approach-alcohol training, avoid-alcohol training or a sham-training on the Approach-

Avoidance Task (AAT). Participants’ WMC was assessed prior to training, while their 

alcohol-related action tendency and selective attention were assessed before and after 

the training on the recently developed Selective-Attention/Action Tendency Task 

(SA/ATT), before finally completing an alcohol taste-test. There was no significant 

main effect of approach/avoidance training on alcohol consumption during the taste-test.

However, there was a significant indirect effect of training on alcohol consumption 

mediated by a change in action tendency, but no indirect effect mediated by a change in 

selective attention. There was inconsistent evidence of WMC moderating training 

efficacy, with moderation found only for the effect of approach-alcohol training on the 

AAT but not on the SA/ATT. Thus approach/avoidance training affects alcohol 

consumption specifically by changing the underlying action tendency. Multiple training 

sessions may be required in order to observe more substantive changes in drinking 

behaviour. 

Keywords: alcohol, addiction, action tendency, selective attention, cognitive bias 

modification, approach/avoidance.
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The Effect of Approach/Avoidance Training on Alcohol Consumption is Mediated by

Change in Alcohol Action Tendency

A defining feature of alcohol addiction is the inability to control consumption, 

which has been attributed to an imbalance between appetitive and control processes 

(Bechara, 2005; Koob & Volkow, 2010; Stritzke et al., 2007; Wiers et al., 2007). This 

imbalance is thought to arise from a history of alcohol consumption which sensitises the

reward system to alcohol-related cues (Robinson & Berridge, 2003). This incentive-

sensitisation process manifests as stimulus-driven (or “bottom-up”) biases in two 

components of the appetitive response (Franken, 2003a; Robinson & Berridge, 2003; 

Wiers et al., 2007). The first is the relative facilitation of behaviours directed towards 

alcohol consumption, known as an approach-alcohol action tendency. The second is the 

selective processing of alcohol-related cues over other stimuli in the environment, 

known as selective attention to alcohol. Difficulty regulating consumption is thought to 

arise when these stimulus-driven alcohol biases are disproportionately strong relative to 

the goal-directed (or “top-down”) control processes.

Alcohol-related biases in both action tendency and selective attention are reliably 

(Field et al., 2009; Watson et al., 2012), and independently (Sharbanee, Stritzke, Wiers, 

& MacLeod, 2013a) associated with problem drinking. Further, recent work using 

training paradigms to manipulate these biases has shown preliminary evidence that the 

biases causally contribute to addictive behaviour, and suggests the potential clinical 

application of these training procedures (Wiers et al., 2008, 2013). 

One of the most promising findings regarding the clinical application of these 

training paradigms has come from studies training alcohol action tendency (Eberl et al., 

2013; Wiers et al., 2011, 2010) using a variation of the Approach-Avoidance Task (AAT;

Rinck & Becker, 2007; Wiers et al., 2009). In the AAT participants respond to a task-
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relevant aspect of an image (such as the orientation; landscape or portrait) by moving a 

joystick which simulates moving the beverage depicted in the image. The joystick 

movements are accompanied by a zoom-effect which increases the illusion of 

movement. The premise underpinning the task is that an action tendency elicited by the 

stimulus will affect response times, such that an approach action tendency will facilitate 

overt approach-pull movements, and impair overt avoid-push movements. The training 

variants of the AAT include a contingency, such that the alcohol images are consistently 

paired with a task requirement to make either an avoidance or an approach response. 

Thus, an avoid-alcohol training contingency for example, simply requires repeatedly 

pairing alcohol stimuli with the task-requirement for an avoidance movement.

Such training contingencies have been shown to affect subsequent drinking 

behaviour, such that heavy drinkers trained with avoid-alcohol contingencies 

subsequently drink less than those trained with approach-alcohol contingencies (Wiers 

et al., 2010). Similarly, alcohol-dependent patients trained with avoid-alcohol 

contingencies demonstrated less relapse across the twelve months post-treatment than 

those who received a sham-training (Wiers et al., 2011). These promising findings, 

which have since been replicated (Eberl et al., 2013), demonstrate the potential clinical 

efficacy of AAT training. However, they are not sufficient for the conclusion that the 

training impacts drinking behaviour through the theoretically specified putative 

mechanism of changing underlying alcohol action tendency. Evidence for the 

mechanism of change is important as it provides a basis for optimising of treatment 

effects and for ensuring that the critical features of the procedure are maintained in 

clinical practice (Kazdin & Nock, 2003).
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Does AAT Training Work Because The Training Contingency Modifies Alcohol 

Action Tendency?

Several recent reviews have highlighted criteria that should be adopted when 

seeking to establish the mechanisms of change that underpin treatment effects generally 

(Kazdin & Nock, 2003; Kraemer, Wilson, Fairburn, & Agras, 2002; Maric, Wiers, & 

Prins, 2012), and for training paradigms specifically (Morrison & Chein, 2011; 

Shipstead, Redick, & Engle, 2010, 2012). Two of these criteria are particularly relevant 

for evaluating the previous training research. First, in order to ensure that any group 

differences following a training intervention can be attributed to the training 

contingencies, it is necessary that groups differ only in their exposure to the training 

contingencies (Maric et al., 2012; Shipstead et al., 2010, 2012). This can be achieved, 

for example, by comparing a training group to groups receiving a 'sham training' or an 

opposite training contingency. In contrast comparisons with a 'no contact' control 

condition can not rule out group differences arising from placebo or demand effects, or 

from differing exposure to the alcohol stimuli rather than the training per se. Second, it 

is important to statistically verify that the putative mechanism of change mediates the 

effect of the training on the outcome (Kazdin & Nock, 2003; Kraemer et al., 2002; 

Maric et al., 2012).

Two of the three studies that have demonstrated an effect of avoid-alcohol training

on drinking behaviour have appropriately used a sham-training control condition, but 

either did not find (Wiers et al., 2011) or did not assess for (Wiers et al., 2010) evidence 

that the impact of the training on alcohol consumption was mediated by a change in 

alcohol action tendency. Therefore, while these studies provide evidence that the 

training-contingency affected alcohol consumption, they do not indicate whether the 

training worked by changing alcohol action tendency. 
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Other mechanisms could have been responsible for the change. For example, 

participants receiving the avoid-alcohol training could have learned to attend less to the 

alcohol content of the stimuli. This alternative account is plausible since it would have 

been adaptive in the training context, and because selective attention to alcohol has been

shown to be functionally involved in determining drinking behaviour (Fadardi & Cox, 

2009; Schoenmakers et al., 2010). Therefore, it would be advantageous to evaluate 

alcohol-related selective attention and action tendency simultaneously, when testing 

their potential mediating role in alcohol consumption.

One of the three studies that has shown avoid-alcohol training to reduce drinking 

behaviour used a no-contact control condition, which does not have the capacity to 

determine whether it was the training contingency that produced the resulting change 

(Eberl et al., 2013). This study did show that the impact of training condition on alcohol 

consumption was mediated by change in alcohol action tendency. Therefore this study 

provides evidence that training condition was related to change in action tendency, 

which was also related to clinical outcome. However, it is uncertain whether alcohol 

action tendency was affected by the training contingency specifically, and not the result 

of placebo or demand effects, or differing exposure to the stimuli. Together these three 

studies have shown evidence that avoid-alcohol training can attenuate alcohol 

consumption, and two of the studies have shown that this cannot be purely attributed to 

non-specific effects (Wiers et al., 2011, 2010). However, these studies have not 

demonstrated that the effect of the training is due to the putative causal mechanism.

Working Memory as a Potential Moderator of Training Efficacy

It is also important to determine potential moderators of training effectiveness, as 

this could permit identification of those most likely to benefit from the training 

procedure. We considered working memory capacity (WMC) as a potential moderator 
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of training effectiveness. WMC has been argued to principally reflect attentional 

control, such that people with high WMC demonstrate less interference from task-

irrelevant stimuli (c.f., Kane et al., 2007). Correspondingly, heavy dysregulated drinkers

with high WMC demonstrate less interference from task-irrelevant alcohol stimuli on 

the AAT (Sharbanee, Stritzke, Wiers, Young, et al., 2013). Thus, high WMC could also 

lead to reduced training effects, as processing the task-irrelevant dimension of stimuli 

(i.e., the alcohol content) is required for any learning from the training-contingencies to 

take place. Therefore it would be advantageous to evaluate WMC moderation when 

assessing for mediation of training effects.

The Present Study

The present study aimed to assess whether the effect of alcohol AAT training on 

drinking behaviour is mediated by changes in action tendency or selective attention. In 

order to maximise the chance of observing training effects, we used both approach-

alcohol and avoid-alcohol training conditions. The study also used a sham-training 

control so that the effects of each training conditions could be distinguished. The three 

groups only differed in their exposure to the alternative training contingencies, in order 

to determine whether exposure to these training contingencies is specifically responsible

for changing alcohol action tendency and alcohol consumption. 

Specifically, we assessed whether the impact of AAT training on alcohol 

consumption was mediated by its impact on alcohol action tendency, rather than by its 

impact on selective attention to alcohol. This was achieved by first examining the 

impact of training condition on alcohol-related action tendency and selective attention 

using a recently developed Selective-Attention/Action-Tendency Task (SA/ATT; 

Sharbanee, Stritzke, Wiers, & MacLeod, 2013b), and by then examining the impact of 
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the training conditions and these observed changes in action tendency and selective 

attention on alcohol consumption observed during a subsequent taste test.

This design incorporates several features recommended for assessing mediation. 

First it minimises the variance from task-specific learning in the mediation by using a 

different action tendency assessment task for the mediation, than was used to conduct 

the training (Shipstead et al., 2010, 2012). Second, it permits demonstration of the 

specificity of the change mechanism, by simultaneously assessing selective attention as 

another plausible mediator (Kazdin & Nock, 2003; Maric et al., 2012). Third, use of the 

SA/ATT further reduces method variance confounds, since there are minimal 

methodological differences between selective attention and action tendency assessment, 

and the common method variance is partialled out by including both factors 

simultaneously in the mediation analysis. Finally, we also aimed to assess the potential 

moderating role of WMC.

When using the AAT and the SA/ATT we have previously observed that approach 

action tendency and selective attention are less sensitively revealed when facilitating an 

approach response, than when they interfere with an avoid response (Sharbanee, 

Stritzke, Wiers, Young, et al., 2013; Sharbanee, Stritzke, Jamalludin, & Wiers, 2014; 

Sharbanee, Stritzke, Wiers, & MacLeod, 2013b). This is likely a ceiling effect arising 

from the limited ability to speed up an already rapid response, consistent with other 

measures (e.g., MacLeod, 1991). While the approach-response trials are less sensitive, 

they also cannot be excluded from the task given a substantial literature across several 

reaction time paradigms has shown that the degree of interference on incompatible trials

(e.g., avoid appetitive) decreases as the proportion of incompatible trials increases 

(Hommel, 1994; Logan & Zbrodoff, 1979; Wendt & Luna-Rodriguez, 2009). Therefore 

we included both approach and avoid response trials, however we expected that the 
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avoid-response trials would show more evidence of an approach action tendency than 

the approach-response trials.

We predicted that participants exposed to the differing training contingencies 

would subsequently display differing alcohol action tendency, and drink differing 

amounts of alcohol during the taste test. If AAT training affects drinking behaviour by 

changing alcohol action tendency, then the effect of training condition on drinking 

behaviour will be mediated by change in alcohol action tendency but not by changes in 

selective attention.

If WMC moderates the training’s effectiveness, there will be WMC by training 

group interactions, such that lower WMC individuals will show greater action tendency 

change and greater alcohol consumption than higher WMC individuals will.

Method

Participants

Undergraduate students were eligible to participate if they were over 18, reported 

drinking beer at least occasionally, and reported weekly alcohol consumption in the 

middle 50% of a screening sample of 850 candidate participants (i.e., 4 to 22 standard 

drinks a week). The middle 50% of the drinking distribution was selected in order to 

allow training in both approach and avoid alcohol directions with reduced risk of ceiling

effects. The sample size was determined by the maximum amount of participants that 

could be recruited within a study period. In total seventy-four participants were 

recruited, pseudo-randomised to one of the three training conditions, and completed the 

experimental procedure. The allocation procedure blocked groups of three sequentially 

tested participants, so that each of the three participants in a block were allocated to a 

different training condition. This procedure ensured that the three training conditions 

had equivalent sample size and that testing for the three training conditions was 
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equivalently spaced throughout testing period. The three training groups did not show 

any significant difference in demographics, on the Alcohol Use Disorders Identification 

Test (AUDIT), on The Stages of Change Readiness and Treatment Eagerness Scale 

(SOCRATES), or in WMC (see Table 1). Participants received either course credit, or a 

$20 reimbursement for their time and effort. All participants gave written informed 

consent prior to participating, and ethical approval for the study was granted by the 

University of Western Australia.

Questionnaires

A brief measure of alcohol consumption was used for the initial screening (Alcohol 

Consumption Questionnaire, McEvoy et al., 2004; adapted from Cahalan et al., 1969). We

further assessed relevant group characteristics at the time of testing using the AUDIT to 

assess alcohol consumption, dependence, and alcohol-related problems (which has good

reliability and validity, see Kokotailo et al., 2004), and the SOCRATES to assess 

motivation to reduce alcohol consumption (which has good reliability and validity, see 

Carey et al., 2001).

Stimuli

We used the stimuli set from previous experiments using the SA/ATT (Sharbanee, 

Stritzke, Wiers, & MacLeod, 2013b) and this AAT variant (Sharbanee, Stritzke, Wiers, 

Young, et al., 2013; Sharbanee et al., 2014). The stimuli consisted of  256 beverage 

images and 256 abstract images. The beverage image set consisted of 128 alcohol 

images and 128 non-alcohol images, which were maximally equivalent apart from the 

presence of alcohol content. There were four different types of alcoholic (beer, wine, 

spirits, and pre-mixed spirits) and non-alcoholic drink images (soda, juice, coffee, and 

tea), and there were four different examples of a drink within each of these drink types. 

Each of these drinks was photographed in unique combination of four different locations
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Table 1

Group Descriptives.

Sham-training

Control

Avoid-alcohol

Training

Approach-alcohol

Training

Test Statistic

Demographics

Gender ratio: male:female 8:16 5:20 12:13 χ² (2) = 4.47, p = .11

Age:  (SD)xx 19.29 (2.40) 19.48 (2.26) 19.00 (1.53) F (2,73) = 0.33, p = .72

Questionnaires  (SD)xx  (SD)xx  (SD)xx

ACQ (std Drinks/week) 8.14 (6.30) 7.24 (7.87) 10.14 (9.81) F (2,73) = 0.83, p = .44

AUDIT

  Total 10.13 (4.91) 9.61 (5.21) 9.88 (4.61) F (2,69) = 0.06, p = .94

  Consumption 5.96 (1.97) 5.96 (2.24) 6.29 (2.29) F (2,71) = 0.19, p = .83

  Dependence 1.38 (1.61) 1.38 (1.47) 1.24 (1.56) F (2,72) = 0.06, p = .94

  Problem 2.67 (2.37) 2.50 (2.57) 2.32 (2.12) F (2,72) = 0.13, p = .88

SOCRATES

  Ambivalence 6.58 (2.65) 6.28 (2.48) 7.76 (3.02) F (2,73) = 2.05, p = .14

  Recognition 9.46 (2.52) 9.67 (3.40) 10.25 (3.61) F (2,71) = 0.39, p = .68

  Taking Steps 14.52 (6.35) 13.68 (7.98) 16.88 (7.98) F (2,69) = 1.17, p = .32

Operation-Span Score 0.06 (0.96) 0.15 (1.16) -0.20 (0.87) F (2,73) = 0.83, p = .44

 Note: The differences in degrees of freedom for the questionnaire measures are due to skipped items.



(e.g., on an outdoor wooden park table, or on an indoor table with a table cloth), four 

different actions (e.g., being poured, or being handed towards the camera), and two 

different glasses or cups.

The 256 abstract images were constructed by cropping small segments of abstract 

art, selected to contain variations in form and colour, but to be devoid of representations

of specific objects. A further 32 images of stationary and office equipment were used for

the practice trials.

Approach-Avoidance Task (AAT)

The Approach-Avoidance Task was identical to that used by Sharbanee et al. 

(Sharbanee, Stritzke, Wiers, Young, et al., 2013; Sharbanee et al., 2014) with the 

addition of a training contingency for the training trials. In contrast to the original AAT 

(Rinck & Becker, 2007), where a trial always starts in the middle joystick position, the 

trials started from an extreme position either with the joystick held maximally close or 

maximally distal. This task feature prevents error movements on the critical shift trials, 

consequently the impact of an action tendency can only manifest in the response 

latencies.

The trials started with an instruction to ‘start distant’ (for an approach-pull trial) or

‘start near’ (for an avoid-push trial). Once this position was held for one second, a single

stimulus image appeared on the screen, in minimum zoom for approach-pull trials or in 

maximum zoom for avoid-push trials, to appear as if the image is distal or proximal 

from the participant, respectively. The participants then had to respond to the orientation

of the picture such that by the end of a trial the images in landscape orientation were 

close to them, whereas portrait images were away from them. This could involve either 

moving the joystick (a shift trial), or not responding and keeping the joystick in its 

original location (a no-response trial).During the assessment phases, the response 
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latency from the onset of the stimulus until the completion of the movement of the 

joystick was recorded for each of the approach-pull and avoid-push shift trials. For the 

no-response trials, no latency was recorded and the participant had to remain in the 

initial position for one second in order to complete the trial. To encourage participants to

respond correctly, a 10-second “time out” was given if the participant moved the 

joystick on a no-response trial.

Participants first completed 32 practice trials using the office stationary images to 

learn the task. Once they had demonstrated that they understood the task requirements, 

they began the main AAT task. The first 64 AAT trials were assessment trials, during 

which the alcohol and the non-alcohol images appeared equally often in all possible trial

types (approach-pull shift, avoid-push shift, start-distant no-response, start-near no-

response). The next 384 trials were training trials, and differed according to the assigned

training condition. For the approach-alcohol training group, alcohol images were 

presented only in approach-pull shift trials and start-near no-response trials, and non-

alcohol images were presented only in avoid-push trials and start-distant no-response 

trials. Therefore participants in this training condition were consistently required to 

respond so that alcohol stimuli ended up appearing maximally proximal. In contrast, for 

the avoid-alcohol training group, alcohol images were presented only in avoid-push 

shift and start-distant no-response trials, while non-alcohol images were presented only 

in approach-pull shift trials and start-near no-response trials. Therefore participants in 

this condition were consistently required to respond so that alcohol stimuli ended up 

appearing maximally distal. For the sham-training group, alcohol images and non-

alcohol images were presented equally often across all four possible trial types. 

Regardless of training condition, the final 64 trials of the task were always assessment 
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trials, presenting the alcohol and the non-alcohol images equally often in all possible 

trial types.

Different subsets of images were used for the training and for the assessment 

trials, to ensure that any observed effect of the training could be taken to reflect a 

change in the action tendency for alcohol in general, rather than only a change in the 

response to the specific stimuli used in the training task. Hence, for each participant, 

half of the alcohol and non-alcohol images were assigned to training and half to 

assessment trials. Stimuli assigned to the assessment trials had an equal probability of 

being assigned to either the pre-training or to the post-training assessment trials. 

Assignment of stimuli was counterbalanced across participants, such that each image 

appeared equally often in training trials and in assessment trials.

Selective Attention/Action Tendency Task

Task overview. The Selective Attention/Action Tendency Task (SA/ATT; 

Sharbanee, Stritzke, Wiers, & MacLeod, 2013b) measures alcohol-related bias in both 

selective attention and action tendency. Each trial presented participants with two 

stimulus images, one beverage image and the other an abstract image. Trials assessing 

selective attention to alcohol required that participants shifted their focus of attention 

relative to the beverage images. Trials assessing alcohol action tendency required that 

participants shifted their hand relative to the beverage image. The selective attention and

action tendency trials differ only in the task parameters required to ensure shifting of 

attentional focus or physical proximity, respectively, and are otherwise equivalent in 

terms of stimuli, and spatial and temporal parameters. 

The task was presented in alternating blocks of selective-attention and action-

tendency assessment trials, each block containing 16 trials. A block of each type, using 

the office equipment images was given in an initial practice. The main task then 
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delivered two blocks each of selective-attention and action-tendency assessment trials. 

This task was given prior to, and again subsequent to, completion of the AAT. For each 

participant, the subsets of stimulus images assigned to their pre- and post-training AAT 

assessment trials were also used for their pre- and post-training SA/ATT assessment 

trials.

Selective attention assessment trials. Each trial commenced with the presentation 

of two 9 cm² square outlines 165 mm apart on either side of the screen. 500 ms later, a 

high 500 hz or low 150 hz tone indicated which of these outlines would contain an 

initial probe. 1300 ms after the tone onset, this probe (a 4mm line in either horizontal or 

vertical orientation) was presented in the indicated location for 200 ms. Upon tone 

offset, one beverage image (50% probability alcohol, and 50% probability non-alcohol) 

and one abstract image simultaneously appeared, one within each of the two square 

outlines. 500 ms later a second probe and a foil were presented, one in the locus of each 

image, simultaneously with the second tone. The second tone instructed the participants 

to either keep their attentional focus in the original locus (50% of trials) or else shift to 

the opposing screen location in order to identify the second probe. These latter ‘shift’ 

trials provided the data of interest, as they enabled assessment of the time taken to make

this shift with the differing stimuli. Participants were required to indicate via a mouse 

button whether the first probe and the second probe were of matching orientation. Thus 

successful task completion required that attentional focus was sequentially allocated to 

the locations of the two probes. When the participant’s response was detected the screen

was blanked, and the next trial followed after a one second inter-trial interval. Response 

latency was recorded from the second tone onset until the response was detected. To 

encourage participants to respond correctly, a 10-second ‘time out’ was given when an 

incorrect response was made.
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Action tendency assessment trials. Each trial commenced with presentation of 

square outlines equivalent to the selective attention assessment. 500 msec later, a high 

500 hz or low 150 hz tone indicated which of these screen locations participants had to 

touch. Participants had to touch the centre of the indicated square region and keep their 

finger in place until the second tone sounded. Once participants had held their finger 

down for 200ms, and at least 1500ms since the first tone had been presented, one 

beverage image (50% probability alcohol, and 50% probability non-alcohol) and one 

abstract image simultaneously appeared, one within each of the two square outlines. 

500ms later the second tone sounded, instructing participants to either lift their finger 

and retouch the original locus (50% of trials) or else lift their finger and then shift to 

touch the opposing screen location. These latter ‘shift’ trials provided the data of 

interest, as they enabled assessment of the time taken to make this shift with the 

differing stimuli. Thus successful task completion required the participants’ hand 

sequentially touched the locations indicated by the two successive tones. When the 

participant’s second touch was detected in the specified region the screen was blanked, 

and the next trial followed after a one second inter-trial interval. Response latency was 

recorded from the second tone until the correct touch response was detected. A 10-

second ‘time out’ was triggered by premature lifting of the finger before the second 

tone.

Calculation of Alcohol-Bias Indices

In order to reduce the effect of extreme scores, and consistent with previous 

research using both the AAT and the SA/ATT (Rinck & Becker, 2007; Sharbanee, 

Stritzke, Wiers, Young, et al., 2013; Sharbanee, Stritzke, Wiers, & MacLeod, 2013b; 

Wiers et al., 2009) median response latencies were used to calculate alcohol-bias 

indices. The alcohol-bias indices were calculated for both the AAT and the SA/ATT, 
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such that a preference for alcohol was always indicated by a higher score. The presence 

of an alcohol-related bias will be revealed by faster response times on trials that require 

an approach response to alcohol, relative to non-alcohol stimuli (i.e., a pull movement 

on the AAT, or shift from the abstract image to the beverage image on the SA/ATT), or 

by slower response times on trials that require an avoid response to alcohol, relative to 

non-alcohol stimuli (i.e., a push movement on the AAT, or shift from beverage image to 

the abstract image on the SA/ATT). Therefore, alcohol-bias indices for the approach 

trials were calculated by subtracting the median shift latency for alcohol trials from the 

non-alcohol trials, so that a positive score reflects facilitated shifting towards alcohol. 

Alcohol-bias indices for the avoid trials were calculated by subtracting the median shift 

latency for non-alcohol trials from the alcohol trials, so that a positive score reflects 

impaired shifting away from alcohol. Therefore, a positive score consistently represents 

a preference for alcohol relative to non-alcohol.

Operation-Span task 

The operation-span is a WMC task that requires participants to alternate between 

answering whether simple arithmetic equations are true or false, and reading of a 

consonant letter to be remembered for subsequent recall (for task details see 

Lewandowsky et al., 2010). The product of the mean memory score and the mean 

equation accuracy was calculated for each participant to create a composite score that 

accounts for both letter recall and equation accuracy.

Taste test

The taste test procedure from Sharbanee et al. (Sharbanee et al., 2014) was used. 

Participants were first asked to consume and rank a selection of drinks given in six shot 

glasses, three of which were filled with 20ml of a light beer (below 2.9% alcohol), and 

the other three with 20 ml of juice. Their preferred beer was subsequently used in the 
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main taste test to ensure that any variation in consumption did not reflect some 

participants receiving a brand of beer that they disliked. The three beers were 

accompanied by three shot glasses with 20ml of juice, so that preference for selecting 

beer before juice could also be used as a secondary measure of alcohol-consumption 

motivation (Training-group differences, p= .029, but no significant mediation was 

observed using this measure. Further details are available on request). Next, participants

were required to drink 150ml of water to prevent the subsequent assessment of alcohol 

consumption being compromised by variations in thirst. 

The main taste test was analogous to previously used taste test designs (e.g., Wiers

et al., 2010). Participants were provided with a 285ml glass of their preferred beer, 

given a taste-rating questionnaire, and were told that the purpose of the task was to rate 

the beer on several flavour dimensions on the questionnaire. However, the actual 

purpose of the task was to measure the proportion of  the glass of beer that the 

participant consumed. Participants were told they had to spend a minimum of five 

minutes filling out the questionnaire, and that they could drink any amount they wished.

Participants were not informed of the maximum time limit, but were stopped when they 

reached ten minutes.

Procedure

Upon arrival participants were breathalysed to confirm they had a zero blood-

alcohol level. The operation-span practice and assessment trials were completed first. 

The participants then completed the cognitive tasks in the following order: SA/ATT 

practice trials; SA/ATT pre-training assessment; AAT practice trials; AAT pre-training 

assessment trials; AAT training trials; AAT post-training assessment trials; SA/ATT 

post-training assessment trials. The cognitive tasks were followed by the taste test, and 

then by the questionnaires. Finally, participants were breathalysed again to confirm that 
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their blood-alcohol level was under 0.02. The overall experimental duration was 

approximately two hours.

Results

Overview

All data analyses were conducted using R-3.0.2 (R Core Team, 2013). We initially

addressed whether the AAT training affected participants' AAT indices, and their 

subsequent alcohol consumption. We then assessed the mediation of the training 

following the procedures outlined by Preacher and Hayes (2008; Hayes & Preacher, 

2013; see also MacKinnon, 2008). They recommend using a product of coefficients 

method which quantifies the mediation (i.e., the indirect effect of the independent 

variable on the outcome variable through the mediator) as the product of the ‘a’ 

(independent variable – mediator) and ‘b’ (mediator – outcome) paths. This is done in 

three steps. The first determines the effect of training contingencies on the alcohol-

related biases (Figure 1, path ai). The second determines the effect of the training 

contingencies on drinking behaviour after controlling for the mediators (path c'i), and 

the effect of the potential mediators on the drinking behaviour controlling for training 

groups (path bi). The third calculates the indirect effect or mediation as aibi.

The training groups were dummy coded, such that each training group variable 

represents the difference between an active training condition (i.e., approach-alcohol or 

avoid-alcohol) and the sham-training condition (Hayes & Preacher, 2013). We also 

calculated omnibus effects comparing all three training groups, using likelihood-ratio 

tests to compare models containing both training group dummy variables, to models 

containing neither of the training group dummy variables.

Prior to analysis, the alcohol-bias indices were screened for outliers following 

common procedures (Cohen, Cohen, West, & Aiken, 2003; Van der Meer, Te 
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Grotenhuis, & Pelzer, 2010). Univariate outliers (> 3.29 SD) were replaced with the 

next most extreme score in the distribution (0.8% of data). Multivariate outliers were 

screened in each analysis on the basis of influence, and were removed from the relevant 

analyses (4.3% of data) if they were separated from the rest of the distribution and 

exceeded common criteria (i.e., Cook’s D > 4/n, or DFFIT > 2√(p/n); Bollen & 

Jackman, 1990; Cohen et al., 2003). Descriptives of the alcohol-bias indices and alcohol

consumption are reported in Table 2.

Impact of AAT Training on AAT Indices

The data showed evidence of heteroscedasticity across the training groups, there-

fore we used linear-mixed models in order to accommodate both the heteroscedasticity 

and the dependency across the repeated-measures covariates. On the basis of likelihood-

ratio tests, the models used a covariance matrix with correlated residuals and heteroge-

nous variance across the training groups, and no random coefficients. All comparisons 

between models are based on maximum likelihood estimations, whereas the significance

of each predictor is based on restricted maximum likelihood estimations. 

In order to assess whether the training contingency successfully altered action 

tendency towards alcohol, a linear-mixed model was run on the post-training AAT 

index, with training group, approach/avoid trial type, pre-training AAT index and their 

interactions as independent variables. There were no significant interactions involving 

approach/avoid trial type, or involving pre-training AAT indices ps > .119, which were 

removed from subsequent models. There was also no significant effect of pre-training 

AAT index, b = -0.03, 95%CI [-0.18,0.11], p = .645, or approach/avoid trial type, b = 

-0.03, 95%CI [-0.16,0.10], p = .612. More importantly, there was an omnibus main 

effect of training group, χ²(2) =6.87, p = .032, with both training groups showing 

changes relative to the sham-training group in the expected direction. However, these 
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Table 2. Alcohol-bias indices, and alcohol consumption for each training group.

Pre-Training

Measure Avoid-Alcohol Training

 (SE)xx

Sham-Training

 (SE)xx

Approach-Alcohol Training

 (SE)xx
AAT (approach response) -13.58 (25.09) -5.88 (44.61) 12.40 (16.69)
AAT (avoid response) 30.44 (27.55) 23.04 (44.91) 15.64 (33.67)
SA/ATT Action-Tendency Index (approach response) -49.98 (58.14) -36.06 (87.29) -52.22 (39.53)
SA/ATT Action-Tendency Index (avoid response) -34.72 (26.48) 74.15 (47.81) 26.96 (31.96)
SA/ATT Selective-Attention Index (approach response) -1.14 (44.68) -20.10 (44.61) 11.30 (55.96)
SA/ATT Selective-Attention Index (avoid response) 30.56 (51.71) -34.63 (44.91) -1.54 (59.28)

Post-Training

Measure Avoid-Alcohol Training

 (SE)xx

Sham-Training

 (SE)xx

Approach-Alcohol

Training

 (SE)xx
AAT (approach response) -70.74 (16.54) -7.15 (19.54) 11.54 (24.64)
AAT (avoid response) -19.62 (25.17) 4.90 (27.24) 30.50 (40.52)
SA/ATT Action-Tendency Index (approach response) -45.82 (33.26) -2.63 (61.63) 3.98 (51.66)
SA/ATT Action-Tendency Index (avoid response) -89.78 (41.73) -36.69 (83.64) 61.22 (35.20)
SA/ATT Selective-Attention Index (approach response) 33.74 (25.51) 62.85 (46.46) -79.44 (46.01)
SA/ATT Selective-Attention Index (avoid response) 61.66 (43.23) -20.98 (60.37) -23.82 (43.62)
Alcohol Consumption (ml) 115.36 (18.04) 123.96 (19.43) 150.44 (16.99)



effects did not reach significance when the approach-alcohol, b = 0.26, 95%CI [-

0.19,0.72], p = .263, or the avoid-alcohol groups, b = -0.30, 95%CI [-0.66,0.05], p = .

096, were considered individually.

We then assessed for WMC moderation by adding WMC and related interactions 

to the model. There was no main effect of WMC, b = 0.12, 95%CI [-0.15,0.39], p = .

385. But more importantly, there was a significant interaction between the approach-

alcohol training and WMC, b = -0.51, 95%CI [-1.01,0.00], p = .048, but not between the

avoid-alcohol training and WMC, b = -0.06, 95%CI [-0.41,0.29], p = .745. The 

interaction in the approach-alcohol group was such that the difference between the 

approach-alcohol group and the sham group was greater at lower levels of WMC, 

consistent with the interpretation that lower WMC would have greater training effects. 

Thus, the hypothesis that the training would affect the AAT indices was supported and 

the hypothesis that WMC would moderate the training efficacy was supported for the 

approach-training group only.

Impact of AAT Training on Alcohol Consumption

Next we tested the effect of the training contingencies on drinking behaviour 

using a generalised-linear model with quasi-binomial errors and a logit link, since the 

dependent variable is a proportion (Papke & Wooldridge, 1996). The generalised-linear 

model was run on the proportion of alcohol consumption, with the training groups as the

independent variable., Both training groups showed a trend towards changing in the 

expected direction relative to the sham-training group. However, this omnibus main 

effect of training group approached, but did not reach significance, χ² (2) = 2.03, p 

=.053, and these effects were not significant when the approach-alcohol, b = 0.47, 

95%CI [-0.24,1.16], p = .173, or the avoid-alcohol groups, b = -0.37, 95%CI [-

1.10,0.33], p = .312, were considered individually.
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Mediation Analysis

Consistent with previous findings, preliminary analyses suggested that the 

approach-response trials may not have been sufficiently sensitive to individual 

differences in alcohol related biases in the present SA/ATT data. In contrast with the 

avoid-response trial indices (see below), the approach-response trial indices were not 

significantly related to quantity of alcohol consumption, baction tendency, p=.084, bselective 

attention, p = .492, nor did they correlate with the indices from the avoid trials, rs < |.13|, ps

>.29. Consequently, we concluded that the approach-response trials may not be 

sufficiently sensitive, and the following mediation analyses were conducted using the 

indices from the SA/ATT avoid-response trials only.

Since testing indirect effects can violate the assumption of normality, 

bootstrapping was used to calculate bias-corrected accelerated confidence intervals 

(Preacher & Hayes, 2008), and permutation tests were used to derive the p values for all

analyses (using the permute-residuals method, and 5000 resamples; Anderson, 2001; 

MacKinnon, 2008). The paths of the mediation analysis are shown in figure 1, with the 

significant paths in bold.

Effect of AAT training on SA/ATT measure of action tendency (path aaction 

tendency). We tested whether the AAT training impacted upon the SA/ATT measure of 

action tendency, by running a linear model on the post-training SA/ATT action tendency

index, with the training groups and the pre-training SA/ATT action tendency index as 

the independent variables.

There was no significant effect of the pre-training index, B=-0.07, 95%CI [-

0.26,0.05], p=.276. More importantly, the omnibus test of training showed that the 

training groups significantly differed in their post-training action tendency index, χ² (2) 

= 4.06, p = .009. As can be seen in Figure 1, the avoid-alcohol group showed 
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 Figure 1. Mediation Diagram. Note that approach-alcohol and avoid-alcohol training 

variables indicate change relative to the sham-training control. Pre-training alcohol-

preference indices are not depicted, but were included in the model as covariates for the 

relevant paths. The significant paths are indicated in bold.
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significantly less action tendency index than the sham-training group, aavoid, action tendency =-

0.42, 95%CI [-0.88,-0.10], p=.032, and the approach-alcohol group showed non-

significantly greater action tendency index than the sham-training group, aapproach, action 

tendency =0.13, 95%CI [-0.23,0.45], p=.481. Hence, the hypothesis that the AAT training 

would affect alcohol action tendency was supported, and this effect was mainly carried 

by the avoid-alcohol group demonstrating less action tendency towards alcohol than the 

sham-training group.

Effect of AAT training (path c') and alcohol-related biases (path b) on alcohol 

consumption. Next we assessed the relative-direct effect of the training groups (path c') 

and the mediator effects (path b) on alcohol consumption, using a generalised linear 

model with quasi-binomial errors and a logit link. We ran the generalised linear model 

on the quantity of alcohol consumption, with the training groups, and the pre and post 

training SA/ATT indices for both action tendency and selective attention as the 

independent variables. There was no significant effect of the pre-training selective 

attention index, B=-0.11, p=.498. However, there was a significant effect of pre-training 

action tendency index, B=-0.36, p=.034, indicating that those with lower action 

tendency before the training, drank more in the taste test. There was no significant effect

of training group on drinking behaviour once the variance from the action tendency and 

selective attention had been partialled out, χ² (2) = 0.38, p = .325, and this was 

consistent across both the approach-alcohol training group, c'approach=0.04, 95%CI [-

0.81,0.87], p=.919, and the avoid-alcohol training group, c' avoid =-0.32, 95%CI [-

1.16,0.47], p=.416. This indicates that there was no effect from the training that was not 

accounted for by the variance in the action tendency and selective attention indices. 

The post-training selective attention index also showed no significant relationship 

with alcohol consumption in the taste test, bselective attention =-0.35, 95%CI [-0.73,0.08], 
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p=.067. Further, the direction of this non-significant association was opposite to what 

would be expected if changes in selective attention affected alcohol consumption. In 

contrast, greater post-training action tendency index was associated with greater alcohol

consumption, baction tendency =0.54, 95%CI [0.17,0.89], p=0.009, consistent with the 

hypothesis that alcohol action tendency affects alcohol consumption. 

The Indirect Effect of AAT Training through the Mediatiors (ab). To calculate 

the indirect effect, that is the effect of the training contingencies through the mediators, 

we calculated the product of the effect of training on the mediators (paths ai) and the 

effect of the mediators on alcohol consumption (paths bi). The permutation test for this 

effect is based on a reduced model with both a and b paths equal to zero. There was a 

significant indirect effect of the avoid-alcohol training (relative to the sham-training) on 

alcohol consumption through action tendency, abavoid-action-tendency =-0.23, 95%CI [-0.59,-

0.04], p<.001, but not through attention, abavoid-attention =-0.03, 95%CI [-0.29,0.17], 

p=.249, and there was a significant difference between these pathways, p = .001. 

Similarly, there was a significant indirect effect of approach-alcohol training (relative to 

the sham-training), through the action tendency, abapproach,action tendency =0.07, 95%CI [-

0.14,0.29], p=.033, but not through selective attention, abapproach-attention =-0.01, 95%CI [-

0.21,0.23], p=.602, however the difference between these pathways was not significant, 

p = .074. These findings are consistent with the specificity of the action tendency 

mediation.

Assessment of WMC Moderation. Finally we examined if the effect of the 

training was moderated by WMC, by adding WMC and the associated interactions to 

the models. There was no evidence of WMC moderating the effect of training on action 

tendency, χ² (2) = 0.69, p = .291, or on selective attention, χ² (2) = 0.31, p = .731. 

Similarly, there was no evidence that WMC moderated the effect of training on alcohol 
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consumption independent of the action tendency and selective attention paths, χ² (2) = 

0.26, p=.762. Further, as WMC was unrelated to the action tendency or selective 

attention indices, it suggests that differing WMC demands cannot account for the 

differences between the action tendency and selective attention pathways.

Discussion

The present study sought to replicate the previous finding that AAT training can 

alter subsequent alcohol consumption, while extending understanding of this effect by 

testing whether it is carried by modification of alcohol action tendency. The study 

successfully induced biased responses on the AAT consistent with the training 

conditions, however there was no significant main effect of the training conditions on 

subsequent alcohol consumption in the taste test. Most importantly, avoid-alcohol AAT 

training influenced a subsequent measure of alcohol action tendency, but not a measure 

of selective attention to alcohol cues, and there was a significant indirect effect of the 

training condition on alcohol consumption that was mediated by this action tendency 

path.

While the demonstration of action tendency mediation is consistent with the 

findings of Eberl et al. (2013), the present results also extend the findings of Eberl et al. 

(2013) in several ways. Importantly, as far as we are aware this is the first evidence of 

mediation using comparison groups that only differ in their exposure to the training 

contingencies that has been reported for training any alcohol-related bias, including 

attentional and interpretation training. Several theorists have emphasised the importance

of demonstrating mediation by the putative mechanism in establishing a potential 

treatment technique, something that is rarely assessed in psychological research (Kazdin

& Nock, 2003). Further, as this study is the first to show the mediation while using 

comparison groups that only vary in the exposure to the training contingencies, it 
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provides the first evidence that the training contingencies are specifically responsible for

the mediated effects. These results therefore take an important step in validating this 

approach, both as a means of experimentally manipulating these processes to assess 

causality, and as a potential treatment or treatment adjunct. 

As well as demonstrating mediation through the action-tendency pathway, we also

assessed the potential mediation through the selective attention pathway. There was no 

evidence of the training contingencies affecting alcohol-related bias in selective 

attention. This provides some evidence against the possibility that the training 

contingencies were actually working through this alternative mechanism, although it 

does not preclude the possibility that an effect was not observed due to insufficient 

power or an insufficient dose of training. Further, since there was no change in the 

methodologically similar selective attention assessment, and as action tendency was 

assessed on a different task to the training task, it is unlikely that the difference between 

the training groups in action tendency was due to task-specific learning (i.e. method 

variance) rather than change in action tendency per se.

The present findings showed no evidence that post-training selective attention to 

alcohol was related to alcohol consumption, unlike previous findings (Field et al., 

2009), including findings from one study that used the same SA/ATT assessment 

methodology (Sharbanee, Stritzke, Wiers, & MacLeod, 2013b). This suggests that 

alcohol consumption was driven more by the action tendency than by selective attention

immediately post-training, whereas both processes may make a more equal contribution 

to drinking behaviour in other situations (e.g., Sharbanee, Stritzke, Wiers, & MacLeod, 

2013b).

There was some partial support for the role of WMC as a moderator of training 

efficacy, since WMC moderated the post-training responses on the AAT for the 
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approach training group, but not the avoid training group. However, this moderation did 

not generalise to the SA/ATT measure of action tendency, thus showing inconsistent 

support for the moderating role of WMC. Other studies have assessed for training 

moderation using the Stroop task as a measure of top-down control, and have also found

inconsistent results with one study reporting the moderation (Salemink & Wiers, 2012) 

and one failing to find it (Eberl et al., 2013). Determining whether this inconsistency is 

due to the effect being present but small, or whether it is spurious will require further 

research. However, in both the present finding and the finding of Salemink et al. (2012) 

the direction of the effect was consistent with theoretical expectations, adding some 

weight to the former possibility.

The notable weakness in the present findings is that the main effect of the training 

on alcohol consumption was not statistically significant. The relatively modest and non-

significant difference in drinking behaviour (35mls or 12% of the glass) is consistent 

with a previous finding that also assessed the effect of a single training session on a 

student population (Wiers et al., 2010). Together these findings suggest that a single 

session of approach/avoidance training is not sufficient to produce substantive changes 

in student's drinking behaviour.

These findings contrast with the more impressive extent of behaviour change 

observed in studies that have used multiple training sessions with clinical populations 

(Eberl et al., 2013; Wiers et al., 2011). The contrast is likely to be partly due to the 

different populations tested, given moderation analyses have shown that avoid-alcohol 

training is more effective with participants who have more severe alcohol use or 

problems (indicated by the amount of previous detoxes, Eberl et al., 2013; or weekly 

alcohol consumption, Wiers et al., 2010). It is also likely that the increased amount of 
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training sessions used in the Wiers et al. (2011) and Eberl et al. (2013) studies also 

increased the training effect.

While the group differences in alcohol consumption were not significant, it should

be noted that the mediation is not dependent on the presence of this effect (c.f., Rucker, 

Preacher, Tormala, & Petty, 2011; Zhao, Lynch, & Chen, 2010). Thus, the current 

findings provide the first evidence that approach-alcohol action tendency mediates the 

influence of AAT training on alcohol consumption, while using comparison conditions 

that only vary in the training contingency. Hence, this study sheds valuable light on the 

mechanisms that underpin the therapeutic efficacy of AAT training.
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Abstract

Rationale. Dysregulated alcohol consumption has been attributed to an imbalance 

between an approach-alcohol action tendency and executive-control processes. However

which specific executive-control processes are involved is not known. One candidate 

executive process is interference suppression, which refers to the suppression of task-

irrelevant information through the active maintenance of task-relevant information, or a 

cognitive load. 

Objective. The present study aimed to 1) establish whether alcohol action 

tendency can be inhibited by interference suppression through the use of cognitive 

loads; and 2) to assess whether individual differences in degree of interference 

suppression from cognitive loads is related to individual differences in the ability to 

regulate alcohol consumption. 

Method. Two groups of social drinkers (total N=58) who differed in their ability to

regulate their alcohol consumption completed a novel cognitive-load variant of the 

Approach-Avoidance Task (AAT), and an alcohol taste test. 

Results. Results indicated that 1) there was a relationship between alcohol bias on 

the AAT and alcohol consumption under low load, but not high load, consistent with the 

hypothesis that the action tendency would be inhibited through interference suppression,

2) this effect of load was not modified by drinking group, with both groups 

demonstrating equivalent ability to inhibit the action tendency. 

Conclusions. The present findings suggest that alcohol action tendency can be 

inhibited through interference suppression, and that this is effective even for those that 

have difficulty regulating their alcohol consumption.
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Approach-Alcohol Action Tendencies can be Inhibited by Cognitive Load

Alcohol addiction has been attributed to an imbalance between strong stimulus-

driven (or “bottom up”) action tendencies that bias behaviour towards consumption, and

relatively weak executive (i.e., goal-directed or “top-down”) processes that control them

(Koob & Volkow, 2010; Wiers et al., 2007). When the strength of an alcohol action 

tendency is too strong to be controlled by executive-control processes, then an 

individual will experience the inability to regulate their consumption (Gladwin et al., 

2011). 

While these theories implicate ‘executive-control processes’ generally, they do not

distinguish which executive processes can inhibit action tendencies. However, there is 

convergence on a distinction between two executive-control processes involved in 

inhibition (Harnishfeger, 1995; Munakata et al., 2011; Nigg, 2000) that may be relevant 

for inhibiting action tendencies. The first process, and the focus of the present paper, is 

interference suppression. This form of indirect-competitive inhibition occurs when an 

individual’s task goal is to maintain abstract information in the face of distracters. The 

task goal leads to top-down biasing of processing towards the task-relevant information,

and indirectly causes diffuse inhibition of competing task-irrelevant information (c.f., 

Desimone & Duncan, 1995; Miller & Cohen, 2001). The greater the effortful 

maintenance of task-relevant information, or the cognitive load, then the greater the 

inhibition of task-irrelevant information. 

Importantly, interference supression is thought to occur between task-relevant 

'cognitive' processing and task-irrelevant affective processing (Bishop, 2007; Mathews 

& Mackintosh, 1998; McClure et al., 2007). The inhibition is posited to depend on 

reciprocal connections between the dorsolateral prefrontal cortex, which is responsible 

for top down biasing towards task-relevant information, and the amygdala and basal-
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ganglia regions which are responsible for bottom up biasing towards affectively salient 

information. The close inter-relationship between these regions contrasts with the 

common view that top-down and bottom-up processing are independent systems, which 

would lead to the prediction that a cognitive load would exclusively interfere with other 

top-down processing, and thereby enhance bottom-up processing (e.g., Schneider & 

Shiffrin, 1977). Rather, top-down and bottom-up sub-systems can be mutually 

inhibiting, so that increased processing of task-relevant information, such as a cognitive 

load, would decrease rather than enhance processing of bottom-up processing of 

affectively salient stimuli such as alcohol.

Interference suppression can be contrasted with a second process, response 

inhibition, which is a form of direct inhibition that occurs when the current task goal is 

to suppress a prepotent response (Aron, 2007). These two forms of inhibition have been 

shown to be related but separable, as latent variables of the two inhibition mechanisms 

are correlated (Friedman & Miyake, 2004), yet rely on distinct neurological substrates 

(Brydges et al., 2012). The correlation has been posited to reflect the general ability to 

maintain task goals active (Friedman & Miyake, 2004; Miyake & Friedman, 2012), 

which can in turn lead to inhibition through either of the two distinct inhibition 

mechanisms (Munakata et al., 2011).

The majority of research assessing executive control in addiction has used 

measures of executive control that could be assessing either or both inhibition processes,

and found inconsistent results. These studies have typically used the colour Stroop task, 

which has been argued to rely on both interference suppression (due to the competing 

task-irrelevant information; Nigg, 2000) and response inhibition (since one of the 

responses is prepotent; MacLeod, 1991), or have used complex-span tasks which have 

similarly been argued to rely on multiple executive-control mechanisms (Conway et al., 
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2005; Miyake & Shah, 1999). Some studies using such tasks have reported that 

dysregulated drinking is related to the interaction of action tendency and executive 

control (Peeters et al., 2012, 2013; Sharbanee, Stritzke, Wiers, Young, et al., 2013), 

while other studies have failed to find an interaction (Christiansen et al., 2012; van 

Hemel-Ruiter et al., 2011; Pieters et al., 2012). Therefore, it is possible that these 

inconsistent results arise from the tasks assessing multiple processes that are 

differentially related to dysregulated drinking.

Determining which processes are related to dysregulated drinking requires 

ensuring that only one inhibition mechanism is manipulated. For example, studies that 

only manipulated the requirement to inhibit a prepotent response have shown that 

response inhibition is associated with dysregulated drinking (using Go/Nogo or Stop-

signal paradigms; Kreusch et al., 2013; Lawrence, Luty, Bogdan, Sahakian, & Clark, 

2009; Nederkoorn et al., 2009; Noël et al., 2007, 2012). Similar assessment of 

interference suppression would require manipulating the cognitive load, that is, the 

requirement for participants to maintain abstract information active, while keeping other

task demands constant. While such a procedure has been used to show that cognitive 

loads inhibit reactivity to various types of affective stimuli (e.g., threat Van Dillen, 

Heslenfeld, & Koole, 2009; Erk, Kleczar, & Walter, 2007; or food images Van Dillen, 

Papies, & Hofmann, 2012), there has been no research using cognitive loads to assess 

whether interference suppression can inhibit alcohol action tendencies. This was the 

primary aim of the present study.

Present Study

The present study aimed to establish whether alcohol action tendencies (a bottom-

up process) could be inhibited by interference suppression through the use of cognitive 

loads. In addition we aimed to assess whether individual differences in the degree of 
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interference suppression from cognitive loads is related to individual differences 

dysregulated drinking.

We assessed two groups of alcohol drinkers who differed on their self-reported 

ability to regulate their alcohol consumption on a novel variant of the Approach-

Avoidance Task (AAT; Sharbanee, Stritzke, Wiers, Young, et al., 2013; adapted from 

Rinck & Becker, 2007), with and without simultaneous cognitive load, and measured 

their alcohol-consumption on a subsequent taste-test. Dysregulated drinkers were 

selected on the basis of reporting heavy alcohol consumption despite a reported 

motivation to reduce consumption, from which we can infer a difficulty regulating 

consumption. In contrast, light drinkers were selected on the basis of light alcohol 

consumption which is not incompatible with their intentions.

We used an AAT to assess alcohol action tendency, since it is a frequently used 

measure with demonstrated validity in predicting drinking behaviour (e.g., Eberl et al., 

2013; Peeters et al., 2012; Wiers et al., 2011, 2010; review: Watson et al., 2012). The 

task requires participants to push or pull a joystick in response to the format of a 

stimulus (landscape or portrait). These movements are accompanied by a corresponding 

change of the stimulus zoom, which gives the illusion of having changed the proximity 

of the stimulus. The premise is that an approach-alcohol action tendency will facilitate 

approach (pull) responses and interfere with avoid (push) responses towards alcohol but 

not non-alcohol stimuli.

As an approach-alcohol action tendency will increase alcohol bias on the AAT and

increase alcohol consumption during the taste-test, we expected a relationship between 

alcohol bias on the AAT and alcohol consumption during the taste-test. Specifically, 

people who drink more during the taste test should have a greater alcohol bias on the 

AAT than those who drink less. If action tendencies are inhibited by interference 
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suppression, then a high cognitive load should cause a decrease in the relationship 

between the alcohol bias on the AAT and alcohol consumption. Specifically, people with

a relatively high approach-alcohol action tendency will show a reduced alcohol bias on 

the AAT under high load, relative to low load. This reduction will not be seen for 

participants who have similar strength alcohol and non-alcohol action tendencies. 

Therefore interference suppression will be observed as a Load x Consumption 

interaction. Moreover, if individual differences in interference suppression are associated

with individual differences in regulating consumption, then the dysregulated drinkers 

should show less inhibition of action tendency under load than the light drinkers. 

Therefore the load-induced change in alcohol bias on the AAT will be modified by 

drinker status, resulting in a Load x Consumption x Drinking Group interaction.

Method

Participants

Two groups of alcohol drinkers who differed in their capacity to regulate their 

alcohol consumption were recruited, consistent with the screening criteria of Sharbanee 

et al. (2013; Sharbanee, Stritzke, Wiers, & MacLeod, 2013a) established using a pool of 

616 undergraduate psychology students. Dysregulated drinkers (N = 28) were selected 

on the basis of (a) high self-reported alcohol consumption (i.e., 14 or more standard 

drinks per week on the Alcohol Consumption Questionnaire; ACQ; which represents the

top third of the screening sample), and (b) a high desire to reduce their alcohol 

consumption (i.e., a score of 4 or more on the Brief Readiness to Change Algorithm, 

BRTC, which represents the top half of the screening sample), therefore acknowledging 

difficulty in regulating their alcohol consumption. Light drinkers (N = 30) were selected

on the basis of (a) low self-reported alcohol consumption (i.e., 4 or less standard drinks 

per week on the ACQ, which represents the bottom third of the screening sample), and 
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(b) a low desire to reduce their alcohol consumption (i.e., a total of 3 or less on the 

BRTC, which represents the bottom half of the screening sample), therefore 

acknowledging no difficulty regulating their alcohol consumption. Potential participants

were considered ineligible if they never drank alcohol or were under 18 years old.

Reliability of group allocation was checked by re-administering the screening 

instruments at the time of testing. Two dysregulated drinkers and four light drinkers 

were excluded for swapping to the other half of the ACQ alcohol consumption 

distribution at test time. One further light drinker was removed due to having an 

extreme median response time (> 6 sec). This left 26 dysregulated drinkers (mean age 

19.7 years, 50% female) and 25 light drinkers (mean age 20.7 years, 57% female), with 

no significant difference in Age (Mann-Whitney U = 243.00, z = -1.64, p = .10) or 

Gender ratio (χ² = .52, p = .58).

Questionnaires to Form and Evaluate Group Composition

Brief measures of alcohol consumption (Alcohol Consumption Questionnaire; 

McEvoy et al., 2004), and motivation to reduce alcohol consumption (Brief Readiness to 

Change Algorithm; Epler et al., 2005)1 were used for the screening. At time of testing 

group differences in alcohol use and motivation for change were re-assessed using more 

extensive measures. The AUDIT was used to assess alcohol consumption, dependence, 

and alcohol-related problems and has demonstrated good reliability and validity (Babor et

al., 2002). The SOCRATES was used to assess motivation to reduce alcohol consumption 

and has demonstrated good reliability and validity (Carey et al., 2001).

1 Correlation analysis showed that there was a negative relationship between the BRTC item assessing 
successful reduction in alcohol consumption and the item that assessed whether they think they drink 
more than they should. Consequently, consistent with Sharbanee et al. (2012), the item assessing 
successful reduction in consumption was not used in the further analysis, so that the remaining two 
items reflected unrealised desire to reduce alcohol consumption.
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Stimuli

The stimuli consisted of 256 unique alcohol and non-alcohol beverage images 

from Sharbanee et al. (2013). The images consisted of examples of four types of 

alcoholic (beer, wine, spirits, pre-mixed spirits) and non-alcoholic (soft drinks, juice, 

coffee, tea) drink images, photographed in unique combinations of different locations 

and actions. A further 32 images of office equipment were used for practice trials. 

Portrait and landscape versions of all images were made by cropping 15% from the 

width and height respectively.

Experimental Tasks

Approach-Avoidance Task (AAT). We used the Sharbanee et al. (2012) AAT 

variant which removes the possibility of error responses on the critical trials, since high 

load AAT trials are disproportionately likely to have error responses. In this variant, 

each trial started from an extreme position such that the response options are limited to 

one movement direction (a shift trial) or not responding (a no-response trial). This 

design feature ensures that action tendencies can only manifest in the response latencies,

and not as error movements.

The task includes trials that require either a push or pull response, however only 

the push response trials are expected to be sensitive to an approach action tendency. 

Bottom-up processes are generally less sensitively revealed when facilitating response 

times on compatible trials (e.g., pull appetitive) than when interfering with response 

times on incompatible trials (e.g., push appetitive). This reflects a ceiling effect that 

arises from attempting to speed up an already rapid response, and has been found on 

several reaction time tasks (e.g., MacLeod, 1991) including the AAT (Sharbanee, 

Stritzke, Wiers, Young, et al., 2013). While the pull trials are less sensitive, they cannot 

be excluded from the task as the degree of interference in incompatible trials (e.g., push 
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appetitive) decreases as the proportion of incompatible trials increases (e.g., Logan & 

Zbrodoff, 1979; Wendt & Luna-Rodriguez, 2009).

The trials started with an instruction to ‘start distant’ or ‘start near’. Once this 

position was held for one second, the stimulus-image appeared, in minimum or 

maximum zoom, to appear distal or proximal from the participant respectively. The 

participants then had to respond such that by the end of a trial, images in landscape 

format appeared close to them, whereas portrait images appeared away from them. This 

could involve either pulling or pushing the joystick (a shift trial), or not responding (a 

no-response trial). In the shift trials, the response latency from the onset of the stimulus 

until the completion of the joystick movement was recorded. For the no-response trials, 

no latency was recorded and the joystick had to be held in the initial position for one 

second to complete the trial.

The cognitive load manipulation was adapted from Sternberg (1966), analogous to

other recent implementations (e.g., Van Dillen et al., 2012). The cognitive-load involved

a six-digit memory number-string which was presented for three seconds prior to each 

AAT trial. Subsequent to the AAT trial participants were presented with a test number-

string, and were instructed to indicate by mouse-button whether it was identical to the 

memory-string. In low load trials the memory-string consisted of “000000”, whereas in 

high load trials the memory-string consisted of six randomly generated non-repetitive 

numbers from 1 to 9. In the high-load trials, the memory-string and the test-string 

contained the same digits, except two of the digits were reversed (e.g. memory-string: 

“759682”, and test-string: “756982”). Thus a correct response could not be achieved by 

recognising individual digits, and instead required that the whole number string was 

rehearsed and recalled. To encourage participants to respond correctly, a 10-second 
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“time out” was given if the participant made an error on the cognitive-load task, or 

moved the joystick on a no-response trial.

There were 32 practice trials, using images of office supplies, and 256 test trials, 

each presenting a unique beverage image. All trial parameters were balanced and 

presented in random order, with a 1000ms inter-trial interval. Across the participants 

each of the images appeared in each trial type an equal number of times. The images’ 

zoom changed from a minimum size of 200 pixels (~ 5 cm) to a maximum zoom of 

1000 pixels (~ 26 cm).

Calculation of AAT Indices. n order to reduce the effect of extreme response 

latencies and in keeping with previous AAT research (e.g., Rinck & Becker, 2007; 

Sharbanee, Stritzke, Wiers, Young, et al., 2013), AAT indices were calculated using 

median reaction times. AAT indices were calculated such that a preference for alcohol 

was indicated by a higher AAT index score. A pull AAT index was calculated by 

subtracting the response latency for alcohol trials from the non-alcohol trials, so that a 

positive score reflects a speeding to move towards alcohol. A push AAT index was 

calculated by subtracting the response latency for non-alcohol trials from the alcohol 

trials, so that a positive score reflects a slowing to move away from alcohol. Therefore a

positive score for either index represents a preference for behavioural actions that result 

in greater “proximity” to alcohol relative to non-alcohol stimuli.

Operation-Span Task. The operation-span task was used as a general measure of 

executive functioning (for task details see Lewandowsky et al., 2010).

Taste test. Participants were first asked to taste and rank drinks out of a selection of 

six shot-glasses, three of which were filled with 20ml of a light beer (below 2.9% 

alcohol)2. Their preferred beer was used in the main taste-test to ensure that variation in 

2 The three beers were accompanied by three shot glasses with 20ml of juice, so that preference for 
selecting beer before juice could also be used as a secondary measure of alcohol-consumption 
motivation; however this measure did not correlate with the AAT index and therefore could not 
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consumption did not reflect some participants receiving a brand of beer that they 

disliked. 

Prior to the main taste test, participants were required to drink 150ml of water to 

prevent the alcohol-quantity measurements being compromised by variations in thirst. 

They were then provided with a 285ml glass of their preferred beer and a taste-rating 

questionnaire, and were told that the purpose of the task was to rate the beer on several 

flavour dimensions. The actual purpose of the task was to assess the amount of alcohol 

consumed. Participants were told they had to spend a minimum of five minutes filling 

out the questionnaire, and that they could drink any amount they wished. The task went 

to a maximum of ten minutes.

Procedure

Upon arrival, an identification-check and a breathalyser test were conducted to 

ensure that participants were 18 years or older, and that they had zero blood alcohol 

concentration (BAC). Participants then completed the experimental tasks in the 

following order: operation-span task, AAT, taste test, and the questionnaires. A final 

breathalyser test confirmed that participants were under .02 BAC before leaving, and 

participants were debriefed.

Results

Group Descriptives

We assessed group differences on the questionnaires, the operation-span task, and 

on alcohol consumption during the taste test (see Table 1). The groups were designed to 

vary on the ability to regulate consumption, which was operationalised as differing in 

both alcohol consumption and desire to reduce consumption. As required, the 

dysregulated drinkers reported higher weekly alcohol consumption on the ACQ, on the 

consumption subscale of the AUDIT, and drank more during the taste test. The 

distinguish between the hypotheses.
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Table 1

Group differences in Alcohol Consumption, Dependency, Desire to Reduce 

Consumption and Working Memory.

Group

Measure Light Drinker 

 (SD)xx

Dysregulated 

 (SD)xx

U

Screening questionnaires

 ACQ – Alcohol Consumption 

(std Drinks/week)

2.00 (1.79) 46.24 (64.92) 0.00***

 BRTC – Desire to reduce 

Consumption

2.28 (0.67) 4.81 (1.06) 30.50***

AUDIT

  Total 3.80 (2.63) 16.69 (6.20) 15.50***

  Consumption Subscale 3.00 (1.73) 8.12 (1.56) 16.50***

  Dependence Subscale 0.16 (0.47) 2.69 (1.83) 54.50***

  Problem Subscale 0.64 (1.19) 5.88 (4.11) 49.50***

SOCRATES

  Ambivalence 4.91 (1.68) 9.92 (3.60) 74.00***

  Recognition 8.00 (1.68) 13.63 (5.06) 97.00***

  Taking Steps 11.43 (4.83) 15.00 (6.06) 186.00*

Working Memory

  Standardised Operation-Span 

Score

0.01 (1.12) -0.01 (0.87) 333.00

Taste-Test 

 Alcohol Consumption (ml) 160.80 (93.34) 222.69 (77.20) 187.00**

 Note: Non-parametric Mann-Whitney U tests were used for the analyses, as all data 

(except the operation-span scores) displayed non-normal distributions. * p < .05; ** p 

< .01; *** p < .001. ACQ = Alcohol consumption questionnaire; BRTC = Brief 

readiness to change algorithm.
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dysregulated drinkers also reported greater desire to reduce alcohol consumption on the 

BRTC, and on all subscales of the SOCRATES, than did the light drinkers. Finally, the 

dysregulated drinkers reported more alcohol dependence and alcohol related problems 

on the AUDIT than did the light drinkers, both of which would be expected to covary 

with dysregulated consumption. Thus all measures indicated that the groups differed 

appropriately. The two groups did not differ on the operation-span task, indicating no 

general difference in executive functioning.

Cognitive-Load Moderation Analyses

Data reduction. Prior to analysis, the AAT indices were screened for outliers 

following common procedures (Cohen et al., 2003; Van der Meer et al., 2010). Two 

univariate outliers were detected in the light drinkers (> 3.29 SD), one high-load pull 

AAT index and one high-load push AAT index, both of which were replaced with the 

next most extreme score in the distribution. Two dysregulated drinkers were identified 

as multivariate outliers and were removed from the analyses.

Data analysis. The data were analysed using linear-mixed models4. On the basis 

of likelihood-ratio tests we used a model with a random intercept for the participants, 

and a covariance matrix with independent residuals and constant variance. All 

comparisons between the models are based on maximum likelihood estimations, 

whereas the significance of each of the predictors is based on restricted maximum 

likelihood estimations.

Testing the cognitive-load moderation. The marginal means of the AAT 

indices are presented in Table 2. The AAT indices were analysed using a linear mixed 

model with group, push/pull trial, load and alcohol consumption as the independent  

4 Since there could be an interaction between the continuous variable (alcohol consumption) and the 
repeated-measures factors (cognitive-load, push/pull trial type) the data was not suitable for analysis 
using a simple regression (for which the data would violate the assumption of independence due to 
the repeated measures) or a repeated-measures ANCOVA (which would fail the assumption of 
homogeneity of regression slopes). Hence, linear mixed models were used in order to accommodate 
the dependency across the repeated-measures factors (West, 2009).
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Table 2

Marginal Means of the AAT Indexes for each trial type on the AAT, across drinker status, alcohol consumption and cognitive load.

Push Trial AAT Indices

Light Drinkers
 (SE)xx

Dysregulated Drinkers
 (SE)xx

Low 
Alc Consump (-1

sd)

Mean Alc
Consump 

High Alc
Consump (+1 sd)

Low Alc
Consump (-1 sd)

Mean Alc
Consump 

High Alc
Consump (+1 sd)

Low Load -0.23 (0.23) 0.24 (0.20) 0.70 (0.32) -0.59 (0.50) -0.13 (0.25) 0.32 (0.25)
High Load 0.33 (0.23) 0.16 (0.20) 0.00 (0.32) 0.58 (0.50) 0.42 (0.25) 0.27 (0.25)

Pull Trial AAT Indices

Light Drinkers
 (xx SE)

Dysregulated Drinkers
 (xx SE)

Low Alc
Consump (-1 sd)

Mean Alc
Consump 

High Alc
Consump (+1 sd)

Low Alc
Consump (-1 sd)

Mean Alc
Consump 

High Alc
Consump (+1 sd)

Low Load -.01 (0.23) -0.18 (0.20) -0.35 (0.32) 0.22 (50) -0.10 (0.25) -0.43 (0.25)
High Load -0.31 (0.23) -0.25 (0.20) 0.32 (0.32) -0.31 (0.50) -0.05 (0.25) 0.22 (0.25)



variables. As can be seen in Table 3, there was a significant interaction between 

push/pull trial type, load, and alcohol consumption, but no lower order effects. The 

three-way interaction was due to a significant Load x Alcohol Consumption interaction 

in the push trials, b = -0.24, 95% CI [-0.44,-0.04], p = .021, and a non-significant trend 

in the opposite direction in the pull trials5, b = 0.19, 95% CI [-0.01,0.39], p = .058. 

Next, we ran the model using only the push trials, and broke down the Load x 

Alcohol Consumption interaction using simple slopes. As can be seen in Figure 1, there 

was a significant relationship between alcohol consumption and AAT index for the low-

load trials, b = 0.38, 95% CI [0.09,0.66], p = .010, such that people who drank more in 

the taste test had a higher AAT index than those who drank less. This is consistent with 

the expectation that the alcohol action tendency would affect both the low-load AAT 

index and alcohol consumption on the taste test. In contrast there was no significant 

relationship between alcohol consumption and AAT index for the high-load trials, b = 

-0.10, 95% CI [-0.39,0.18], p = .465, consistent with the expectation that the alcohol 

action tendency would be inhibited and thus not be reflected in the high-load AAT 

index.

The Load x Alcohol Consumption interaction crossed at .47 standard deviations of

alcohol consumption. As can be seen from Figure 1, participants with relatively high 

alcohol consumption (i.e., > .47 sd) had a relatively high AAT index under low load, and

this decreased under high load. In contrast, those with relatively low alcohol 

consumption (i.e., < .47 sd) had relatively low AAT index under low load and this 

increased under high load. Thus the significant interaction was due to a load-induced 

5 Despite failing to reach significance, we thought it prudent to explore the interaction trend in the pull 
trials to verify whether either of the component slopes showed a relationship with alcohol 
consumption. There was no significant relationship between AAT index and consumption in either the
low load trials, b = -0.21, 95% CI [-0.48,0.07], p = .152, or the high load trials, b = 0.17, 95% CI [-
0.10,0.45], p = .219. The lack of relationship between the pull trials’ low-load AAT index and alcohol 
consumption suggests that the pull trials may not be sensitive to individual differences in approach-
alcohol action tendencies, consistent with previous findings (Sharbanee et al., 2013).
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Table 3

Linear Mixed Model Testing the Relationship between AAT Index and Alcohol 

Consumption by Drinking Groups and AAT Trial Types.

Fixed Effects a b 95% CI p
Group 0.02 [ -0.14, 0.18] .786
Push/Pull -0.16 [-0.32, 0.00] .050
Load 0.06 [-0.10,0.22] .468
Alc Consumption 0.05 [-0.13,0.23] .559
Group x Push/Pull 0.05 [-0.11,0.21] .545
Group x Load 0.09 [-0.06,0.25] .244
Push/Pull x Load -0.06 [-0.22,0.09] .437
Group x Alc Consumption 0.01 [-0.17,0.19] .949
Push/Pull x Alc Consumption -0.10 [-0.27,0.08] .286
Load x Alc Consumption -0.05 [-0.23,0.12] .553
Group x Push/Pull x Load -0.06 [-0.22,0.10] .436
Group x Push/Pull x Alc Consumption 0.01 [-0.17,0.18] .940
Group x Load x Alc Consumption 0.05 [-0.13,0.23] .597
Push/Pull x Load x Alc Consumption 0.26 [0.08,0.44] .005
Group x Push/Pull x Load x Alc Consumption 0.04 [-0.14,0.22] .641

Note: a The model also included a random participant effect. Model fit indices: AIC = 

612.41, BIC = 669.88.

CI = confidence interval; Push/Pull = Push/Pull AAT trial type; Alc Consumption = 

Alcohol consumption on the taste test. 

AAT index and Alc Consumption were standardised, and Group, Push/Pull, and Load 

were effect coded (i.e., -1, 1).
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Figure 1. Marginal means of dysregulated and light drinkers AAT indices for the AAT 

push trials, under low load (top), and high load (bottom).
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change in AAT index, and the pattern of change is consistent with the interpretation that 

alcohol action tendency affected responses on the AAT under low load, but not under 

high load. These findings support the hypothesis that action tendencies can be inhibited 

through interference suppression.

There was no interaction involving group and cognitive load, which is inconsistent

with the hypothesis that the drinking groups would differ in their ability to inhibit 

alcohol action tendencies.  The slopes in Figure 1 demonstrates that both groups showed

equivalent decrease in the association between AAT index and alcohol consumption 

under high load (light drinkers b = -0.17; dysregulated drinkers, b = -0.16), relative to 

low load (light drinkers b = 0.47; dysregulated drinkers, b = 0.46). Therefore there was 

no evidence of any group difference in the ability to inhibit action tendencies through 

interference suppression.

Discussion

These findings are the first evidence that alcohol action tendencies can be 

inhibited by interference suppression. During low cognitive load, the AAT was assessing

alcohol action tendency, as indicated by the relationship between alcohol-related bias on

the AAT push trials and subsequent drinking on the taste test. During high cognitive 

load this relationship disappeared, such that those who drank more in the taste test had a

greater alcohol-related bias under low load, and this bias decreased under high load. In 

contrast, those who drank relatively little during the taste test had a lower alcohol-

related bias under low load, and this bias increased under high load. This pattern is 

consistent with the hypothesis that the action tendency would be inhibited through 

interference suppression, and is convergent with research assessing interference 

suppression as a means to reduce emotional reactivity to threat, (Van Dillen et al., 2009; 
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Van Dillen & Koole, 2007; Erk et al., 2007) and reactivity to food (Van Dillen et al., 

2012), suggesting that the process is not domain specific.

As the group means for the AAT scores were centred close to zero, there were 

participants in both groups who had less action tendency towards alcohol than the non-

alcohol images. These negative action tendency scores increased under load, which is 

consistent with the action tendency being inhibited by interference suppression. While it

was not predicted that both groups would have low-load AAT scores that centred over 

zero, this result is consistent with several recent findings showing that clinical alcohol-

dependent populations and heavy drinkers have group mean action tendency scores 

close to zero, despite individual differences in action tendency predicting subsequent 

drinking behaviour (Barkby et al., 2012; Eberl et al., 2013; Sharbanee, Stritzke, Wiers, 

Young, et al., 2013; Wiers et al., 2011). This likely reflects action tendencies being 

context sensitive and therefore lower in an experimental testing environment than they 

would be in naturalistic drinking environments (c.f., Houben & Wiers, 2008; Krank & 

Wall, 2006). 

Our results also suggest that action tendency alone is insufficient to account for 

dysregulated consumption. The low load AAT scores were related to consumption in the

taste test, where there was no motivation to refrain from drinking. Yet the low load AAT 

scores did not differentiate between the two drinking groups, which differed on both 

consumption and the motivation to refrain. This suggests that while action tendency can 

account for consumption motivation, it is insufficient to account for dysregulated 

consumption which may be due to an imbalance of action tendency and executive 

control.

Importantly, dysregulated drinkers showed equivalent interference suppression to 

the light drinkers, suggesting that their difficulty regulating consumption does not arise 

139



from an interference suppression deficit. Thus while dysregulated drinkers can inhibit 

action tendencies with interference suppression, they may be disproportionately using 

less effective strategies in their daily lives, such as strategies that principally rely on 

response inhibition. This possibility is likely given the findings of a response inhibition 

deficit in dysregulated drinkers (e.g., Kreusch et al., 2013; Nederkoorn et al., 2009; 

Noël et al., 2007, 2012).

This possibility has important clinical implications. For example, alcohol-

dependent clients could be taught to use techniques that rely on interference suppression

rather than those that rely on response inhibition. This could simply involve responding 

to an urge to consume alcohol by using a cognitive load, such as counting backwards in 

sevens, rather than focusing on resisting the urge. Such strategies have been developed 

and used successfully for emotion regulation (Linehan, 1993)6, and treatment packages 

that include such strategies have shown some initial promising results with addictive 

disorders (Dimeff & Linehan, 2008). The present findings suggest that the particular 

strategies that involve interference suppression may contribute to the treatment 

package’s efficacy.

The present findings also have important implications for how we conceptualise 

action tendencies. Most dual-process models of addiction have considered action 

tendencies to be automatic processes (Deutsch & Strack, 2006; Wiers & Stacy, 2006). 

The present finding suggests a possible refinement of this position; while action 

tendencies may be automatic in terms of being stimulus-driven and activated without 

volition, they may not be automatic in terms of efficient processing (i.e. operating 

independently of other effortful processing).

6 We are referring here to the ‘Wise Mind Accepts – Thoughts’ skill, in Dialectical Behavior Therapy 
(DBT). This skill teaches people to use their ‘thoughts’ in a manner that adds a high cognitive load, 
such as counting backwards in sevens, as a means of down-regulating emotions. 
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Despite the promising findings, a limitation to the present research should be 

noted. The present sample consisted of university students and, despite the relatively 

high levels of possible alcohol dependence in the dysregulated drinkers (according to 

the AUDIT scores), it is uncertain whether the results would generalise to clinical 

populations. This is particularly important considering the lack of group differences in 

the load moderation. We did not find any evidence of drinking-group differences in the 

load moderation or in operation-span scores, in contrast with previous research that has 

reported relative working memory deficits in clinical populations (e.g., Ambrose et al., 

2001). This raises the possibility that although there was no difference in load 

moderation between the two groups, there might still be a noticeable reduction in the 

load moderation in clinical populations.

The current results are the first demonstration that approach-alcohol action 

tendencies can be inhibited by interference suppression, and the first to show that this 

ability is effective with people who have difficulties regulating alcohol consumption. 

Therefore the present study takes an important step towards identifying potential 

cognitive mechanisms that can be used to counter the strong appetitive processes that 

underlie addictive behaviours.
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Chapter 6

General Discussion
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Overview of Main Findings

The focus of the present thesis was to explore the nature of an approach-alcohol 

action tendencies and the means by which they can be modified or controlled. This aim 

was broken into three subordinate goals. The first was to assess whether the effect of 

approach-alcohol action tendency on approach alcohol behaviours is not only moderated

by the ability to exert goal-directed control, but also by the individual's current task 

goal. The second was to determine whether alcohol action tendency is a distinct 

mechanism, or whether there is a common mechanism underlying both alcohol action 

tendency and selective attention. The third aim was to determine whether alcohol action 

tendency can be modified or inhibited. I will first review the main findings from the 

thesis, before discussing the implications of these findings for the three main goals.

Chapter 2 showed that dysregulated drinking was associated with an interaction 

between alcohol action tendency, working memory capacity, and current task goals. The

interaction was such that dysregulated drinkers with low working memory showed 

greater bias for alcohol on trials where the task goal was incompatible with an approach 

action tendency, and that this bias decreased with increasing working memory. This 

finding was consistent with the dual-process models (Fazio, 1990a; Wiers et al., 2007). 

While not expected at the time of this study, there was a lack of group differences 

in the approach trials. This is consistent with other reaction time paradigms (e.g., 

Dunbar & MacLeod, 1984; MacLeod, 1991) that show that it is harder to speed up a 

rapid process compared to slow down a rapid process. In other words there is likely a 

ceiling effect on the approach trials limiting how much they can be further facilitated by

an action tendency. This finding reoccurred throughout the subsequent studies.

The results of chapter 3 indicate that the action tendency and selective attention 

are distinct mechanisms that differentially contribute to dysregulated drinking. 
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Specifically, alcohol-related bias in each process accounted for significant independent 

variance in dysregulated drinker status. There was also no significant relationship 

between the action tendency and selective attention. These findings are both consistent 

with action tendency and selective attention being distinct mechanisms.

In chapter 4, the results showed that approach/avoidance training on the AAT 

affected AAT alcohol bias indices. The training also affected subsequent drinking 

behaviour, and this effect on drinking was mediated by a change in alcohol action 

tendency, but not by selective attention. Thus the results of chapter 4 suggest that action 

tendencies can be specifically targeted for change via approach/avoidance training. This 

finding is also consistent with the finding of chapter 3, adding further evidence that 

action tendency and selective attention are distinct mechanisms.

The results of chapter 5 showed evidence that alcohol action tendency could be 

inhibited by a cognitive load. When there was no cognitive load, there was a 

relationship between participant’s alcohol consumption and their alcohol bias on the 

AAT, consistent with both measures indicating incentive salience of alcohol. This 

relationship disappeared under high cognitive load, suggesting that the action tendency 

had been inhibited during the AAT procedure. This change in relationship was such that 

participants with high levels of alcohol consumption showed a decrease in alcohol bias 

under high cognitive load. In contrast, those participants with a low level alcohol 

consumption showed an increase in alcohol bias under load. Thus for all participants 

there was a shift from alcohol bias on the AAT relating to their alcohol consumption, to 

the alcohol bias on the AAT no longer indexing their alcohol consumption when under 

load. This suggests that the action tendency was suppressed by interference suppression.

This finding is also consistent with the finding from chapter 2, as it shows that both 

action tendency and interference suppression affect responses on the AAT. This study 
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also provides further evidence that alcohol behaviours are determined by both action 

tendency and executive control processes, and that the executive control processes 

depend on the individual's current task goal.

Overall main points:

The effect of action tendency on alcohol behaviours is not only moderated by 

the ability to exert goal-directed control, but also by the individual's current task 

goal. One of the major findings from the present research was the evidence that alcohol 

behaviours are determined by an interaction between action tendency and executive 

control processes, but also that the role of executive control processes depends on an 

individual's current task goal. An important implication of this finding is that tasks 

assessing stimulus-driven ‘bottom-up’ processes also reflect variance in goal-directed 

'top-down’ processes.

This finding was evident in chapter 2, where the degree of alcohol-bias on the 

AAT varied as a function of WMC on trials where there was a task goal that was 

incongruent with an approach action tendency. It was also evident in the findings of 

chapter 5, which showed that the AAT indices were moderated by the task goal to 

maintain a cognitive load. Therefore both studies show that alcohol-bias on the AAT 

does not purely reflect individual differences in action tendency, but instead reflects 

both action tendency and executive control processes.

However, this effect was not consistent across studies, with WMC showing no 

evidence of moderating biases in either action tendency or selective attention in chapters

3 and 4. It is possible that the WMC moderation of bias indices could depend on task 

difficulty, or was simply not consistently observed due to being a fairly small effect. It is

unlikely that the inconsistency is due to the original finding being spurious, as two 

subsequent studies have shown that dorsolateral prefrontal cortex, the area most 
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associated with top-down control, is more active when making avoidance movements to

alcohol (Ernst et al., 2012) or to other positive stimuli (Ernst et al., 2013), but not when 

making approach movements. This finding is also consistent with other research on 

indirect measures such as the IAT that have shown that the measures are affected by 

both the strength of the stimulus-driven bias (i.e., the association in the IAT) and 

executive control processes (Klauer et al., 2010; Mierke & Klauer, 2001, 2003; Sherman

et al., 2008; Wright & Meade, 2012). Together these findings provide convergent 

evidence that measures of stimulus-driven processes such as the AAT, actually reflect 

both stimulus-driven and goal-directed processes, and that the impact of goal-directed 

processes varies according to whether the current task goal is compatible with the 

stimulus-driven bias.

The potential confound of goal-directed processes is of greater concern for 

assessing stimulus-driven processes in addiction than for other research areas. Alcohol 

consumption has been frequently shown to be neurotoxic, and to specifically have a 

negative effect on executive control functions (Ambrose et al., 2001; Loeber et al., 

2009; Tapert et al., 2004; Townshend & Duka, 2005). Therefore, it is possible that heavy

drinking would lead to an executive function deficit, and that this deficit would impact 

the assessment of stimulus-driven processes, such that executive control deficits would 

contribute to disproportionately strong alcohol-bias on the measures of stimulus-driven 

processes. Thus it is important for future work to account for the variance in goal-

directed processes in the assessment of stimulus-driven processes.

Subcomponents of both stimulus-driven and goal directed processes. The 

second major finding from the research program was that there are separable sub-

processes within each broad division of stimulus-driven and goal directed processing, 

and that these sub-processes differentially contribute to dysregulated drinking.
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Multiple stimulus driven processes. Chapters 3 and 4 showed that stimulus driven

processes that underlie addiction consist of separable sub-processes. Chapter 3 showed 

that action tendency and selective attention make independent contributions to 

dysregulated drinking behaviour. While chapter 4 showed that action tendency can be 

modified independently from selective attention. Thus the finding that the action 

tendency and selective attention processes are independent was consistent across the 

two studies.

Prior to the experiment in chapter 3 there was no research assessing whether 

action tendency and selective attention are a common or distinct mechanisms that 

contribute towards dysregulated drinking. However there has been similar research in 

anxiety literature, assessing whether selective attention and selective interpretation of 

threat reflect a common or distinct mechanisms that contributes to anxiety (Amir, 

Bomyea, & Beard, 2010; White, Suway, Pine, Bar-Haim, & Fox, 2011). In these studies,

selective attention to threat was manipulated via attentional training, and the effect of 

this training on selective interpretation was assessed. These studies showed that training 

to attend to threat lead to an increase in interpreting ambiguous situations as threatening 

(White et al., 2011), whereas training to attend to non-threat lead to an increased 

selective interpretation of ambiguous situations as non-threatening (Amir et al., 2010). 

If these results generalised to addictive stimuli it would suggest that some types of 

stimulus-driven processes that are usually considered distinct (e.g., attention and 

interpretation) may actually reflect common mechanisms, whereas other processes (e.g.,

attention/interpretation, action tendency) are distinct mechanisms. 

While there had been no previous research on whether action tendency and 

selective attention made distinct contributions to dysregulated drinking, there had been a

few studies that assessed for a correlation between the two processes. Of these studies, 
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one found a correlation (Van Den Wildenberg et al., 2006), one did not find a correlation

(Field et al., 2007), and one study showed that the correlation was state dependent 

(Schoenmakers et al., 2008). The range of the correlation estimates for these studies was

from r=.05 to r=.51, with all of the studies showing some degree of a positive 

correlation. Therefore it is likely that there is some degree of positive relationship 

between the processes. Future work could conduct meta-analyses to aggregate these 

estimates, and importantly to assess potential moderators of the relationship. As there 

may be both common and distinct variance in action tendency and selective attention, it 

is insufficient to simply posit that there are two independent mechanisms. Accounting 

for this data requires a more sophisticated model of the relationship between the 

processes than has so far been proposed.

Multiple goal-directed processes. The results of chapter 5 similarly suggest that 

there may be separable sub-processes within goal-directed control, and that these sub-

processes are differentially related to dysregulated drinking. Unlike stimulus-driven 

processes, there has been a substantial research literature attempting to distinguish 

between components of goal-directed processes (e.g., Harnishfeger, 1995; Miller & 

Cohen, 2001; Miyake & Friedman, 2012; Munakata et al., 2011; Nigg, 2000; O’Reilly 

& Frank, 2006). These perspectives have shown some convergence on a distinction 

between interference suppression and response inhibition as distinct goal-directed 

mechanisms (Munakata et al., 2011). Further, there is a growing literature showing that 

individual differences in response inhibition is related to individual differences in 

(dysregulated) drinking behaviour (Kreusch et al., 2013; Nederkoorn et al., 2009; Noël 

et al., 2007, 2012). Given that the findings of chapter 5 did not show any evidence that 

interference suppression is related to dysregulated drinking, it further suggests that not 

only are there separable goal-directed processes, but that these two processes may be 
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differentially related to dysregulated drinking. Specifically, it is possible that response 

inhibition deficits, but not interference suppression deficits, contribute towards the 

inability to regulate consumption.

Stimulus-driven processes can be modified and inhibited. The third major 

finding from the thesis is that approach-alcohol action tendency can be modified and 

inhibited. Previous research has demonstrated that approach/avoidance training affects 

subsequent drinking behaviour (Eberl et al., 2013; Wiers et al., 2011, 2010). Out of 

these studies, only one study had demonstrated that the training worked by changing 

action tendency, but this study used a no contact control group (Eberl et al., 2013) and 

therefore is unable to determine whether the training contingency specifically was 

responsible for the change in drinking behaviour and not placebo/demand effects or 

exposure to the stimuli. The findings from chapter 4 demonstrate both that the training 

was specifically modifying alcohol action tendency and not alcohol selective attention, 

and that the training contingencies were specifically responsible for the change. The 

effect of the training was lower for the approach-alcohol training than for the avoid-

alcohol training. This is likely partly due to the relatively high levels of alcohol 

dependence (based on the AUDIT scores) of the sample, raising the potential of a 

ceiling effect for the approach-alcohol training. In contrast, the clinically relevant avoid-

alcohol training demonstrates that alcohol action tendency can be selectively reduced, 

adding to the growing evidence that training paradigms may have clinical utility (Wiers 

et al., 2008, 2013). 

In addition the results of chapter 5 show that alcohol action tendency can also be 

inhibited through the use active maintenance of abstract information, i.e., a cognitive 

load. Together these findings show that there are multiple methods to overcoming an 

alcohol action tendency that may have some clinical utility.
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Limitations

Student sample. The findings from the present studies have several limitations 

that should be mentioned. Most obviously the research was conducted using a 

convenient sample of undergraduate university students. The dysregulated drinkers in 

the samples had average AUDIT scores that indicate hazardous drinking (i.e., scores 

between 8-15), but nevertheless caution should be taken in considering the 

generalisability of the results. 

The sample could vary from clinical populations in several ways. Firstly they 

could have alcohol-related action tendency and selective attention of different strength 

to clinical populations. The population could also differ from clinical populations in 

terms of their executive functioning, since executive functioning would influence entry 

into university, and since they are less likely to have developed any neurotoxic 

executive functioning deficits arising from heavy alcohol use due to the average young 

age of the sample. Both of these differences could potentially affect the plasticity of the 

biases in observed in chapter 4, and the ease of suppressing the biases in chapter 5. 

Thus, there is a need to for replication of the present findings in clinical populations.

In addition, an important part of the sample selection criteria was the desire to 

reduce consumption, as measured by the Brief Readiness to Change Algorithm (Epler et

al., 2005). While this measure has been validated in patient samples (Epler et al., 2005; 

Williams et al., 2006), it had not been previously validated in student samples. This was 

a limitation of the group selection strategy. However, as the dysregulated drinkers 

differed from the light drinkers on the SOCRATES and all AUDIT subscales, it suggests

that the groups had appropriate characteristics.

Group selection confound. The group selection of the dysregulated drinkers was 

based on the the criteria that they drink heavily despite a motivation to reduce 
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consumption. This group selection prevents a confound of having people with differing 

ability to regulate consumption within the heavy/dysregulated drinking group. However,

it also introduces a confound of the having differing motivation to drink less across the 

non-problem and dysregulated groups. Future research could avoid this confound by 

either ensuring both groups had a desire to reduce consumption (i.e., compare a 

successfully reduced consumption group, with a dysregulated/unable to reduce 

consumption group). Comparing groups without a motivation to reduce consumption 

(i.e., compare heavy drinkers without a motivation to reduce consumption, to light 

drinkers), would require some other method of distinguishing the two potential types of 

heavy drinkers.

Measurement confounds. There are also two related issues that limited the 

accuracy of the assessment of stimulus driven processes in the present work. The first is 

that the measures of stimulus-driven processes are confounded by method variance. The

second, which is a subset of the first, is that the measures are specifically confounded by

individual differences in goal-directed control.

All cognitive tasks are not purely be influenced by the construct being assessed, 

but also by a variety of other processes. The relative influence of the construct could be 

affected by task specific design factors. For example as mentioned in chapter 1, by 

definition an action tendency facilitates physical movement, therefore the more the 

facilitation of a movement would affect the response latency, the greater the proportion 

of response latency variance will be due to the action tendency. In this thesis, when 

considering the several tasks for measuring action tendency are available (SRC, Mogg 

et al., 2003; IAT, Palfai & Ostafin, 2003; AAT, Rinck & Becker, 2007; and now the 

SA/ATT, Sharbanee, Stritzke, Wiers, & MacLeod, 2013a), only tasks were selected 

where the task-relevant response required a change in physical proximity to the alcohol-
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content (i.e., the AAT, and the SA/ATT). This certainly has some advantages over using 

tasks where there is no change in physical proximity and therefore an action tendency 

may not have a direct impact on the response latency. However, this approach to 

reducing method variance is limited as responses on a task will always be influenced by 

several cognitive processes, and thus will always contain construct-irrelevant method 

variance. Therefore there would be some benefit in seeking convergent evidence from 

alternative approaches. One such common approach that could provide converging 

evidence would be to use latent variables constructed from several disparate 

methodologies. However, this would come at the cost of requiring much larger samples 

and greater testing time per participant.

The second aspect of the measurement confounds is that all measures of stimulus-

driven processes will be affected by both stimulus-driven processes and goal-directed 

control. In chapters 3 and 4 the variance in goal-directed control was accounted for by 

partialling out the common variance from the operation-span task. While this is 

certainly an improvement on treating the measures as if they are process-pure, it still 

only partially accounts for the goal-directed processing. The primarily limitation to this 

approach is that it only accounts for the variance in goal-directed control that is captured

by the operation span task, which is itself not process pure. As with other aspects of 

method variance, using multiple measures of executive control and creating latent 

variables from these would increase the potential to partial out the goal-directed control.

Alternatively, some researchers have used mathematical modelling of the 

likelihood that various processes affected responses (Sherman et al., 2008). These 

models compute the likelihood that a stimulus-driven process was activated, the 

likelihood that task-relevant response was determined, the likelihood that the stimulus-
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driven process was overcome, and whether there was a general response bias. Such 

methodologies could further reduce the measurement confounds. 

The methodologies used in this thesis also included procedures designed to reduce

method variance arising from stimulus-driven processes manifesting as error responses. 

Specifically, by initiating the AAT trials in an extreme position participants were 

prevented from making error responses. However, as it is not possible to determine 

whether errors would have otherwise occurred, it is not possible to determine whether 

the present results are dependent on this variant of the task. Therefore it is possible that 

this change in methodology may have been fixing a problem that was not actually 

prevalent. Nevertheless, given that there is no real cost to the change in procedure, and 

given that there is a possible benefit, the methodology is recommended for future 

research.

Simplistic models. A final limitation that should be noted is that the models of 

cognitive processes considered in the thesis are reasonably simplistic. I have primarily 

considered questions of whether there is one or two stimulus-driven mechanisms 

(chapter 3 and 4), and the interaction between action tendency and executive control 

(chapter 2 and 5). The relationship between theses processes is likely to be substantially 

more complex than could be captured by the present verbal models. Therefore, while the

present work has taken some important steps towards understanding the cognitive 

processes underlying addictive behaviour, this approach is inherently limited in its 

ability to capture complexities of the relationship between cognitive processes. 

Ultimately such an understanding will need to employ biologically constrained, formal 

computational models in order capture complex inter-relationships between the various 

cognitive processes. There are computational models that account for processes posited 

to be involved in addiction that could serve as a starting point for further model 
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development of addictive behaviour (e.g., Frank, Santamaria, O’Reilly, & Willcutt, 

2006; O’Reilly & Frank, 2006; Wiecki & Frank, 2013)

Implications:

Treatment implications. The present research has several important implications 

for treatments. Firstly, the research has identified several cognitive mechanisms 

involved in dysregulated alcohol consumption that could be targets for treatment 

interventions, including stimulus-driven biases in action tendency and selective 

attention. While not the focus of the present research, deficits in response-inhibition has 

also previously been identified as a goal-directed process that contributes to 

dysregulated drinking. This suggests that there could be at least three targets for 

treatments for alcohol-use disorders, reducing alcohol-related biases in action tendency, 

in selective attention, and increasing response-inhibition. In addition, as there was no 

relationship between individual differences in interference suppression and individual 

differences in dysregulated drinking observed, an additional treatment strategy could be 

to teach people to use interference suppression to inhibit alcohol action tendency.

As well as identifying targets for treatments, the present research also helped 

identify methods by which these cognitive targets can be modified or inhibited. The 

findings of chapter 4 show that training paradigms are able to selectively modify alcohol

action tendency, while the findings of chapter 5 show that cognitive loads can be used to

inhibit alcohol action tendency.

Research implications. The findings also have important implications for 

research. First, chapters 2 and 5 showed that measures of action tendency can also 

reflect individual differences in goal-directed processes. Therefore controlling for 

individual differences in these goal-directed processes is important in order to preclude 

confounds between the two types of processes. Second, the present research has shown 
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that there are separable sub-processes, and therefore multiple constructs to be measured 

when assessing both stimulus-driven and goal-directed processing.

Future research.

The previous discussion of limitations and implications lead to clear directions for

future research. Ideally, future studies could extend the present findings to clinical 

populations and use multiple measures to create latent variables for each process. 

However, this would be very costly research, due to the difficulty in testing large 

amounts of clinical populations, and the long testing time required to do multiple 

measures. A simpler approach would be to do each of these steps separately, using large 

samples of students to develop models that could be verified in clinical populations 

using single manifest variables. 

In addition to verifying the present findings, there is also a need for further work 

to identify what are common and distinct cognitive mechanisms that underpin addictive 

behaviour. The present thesis addressed the relationship between action tendency and 

selective attention. But there are several other stimulus-driven processes that have been 

proposed to play a role in addiction, including memory associations (Stacy, 1997; Wiers 

et al., 2002), selective recall (Franken, 2003b), and selective interpretations 

(Earleywine, 1994), yet there is no work yet that is assessing whether these are actually 

distinct processes.

Given that there have been multiple stimulus driven processes identified (action 

tendency and selective attention), as well as multiple goal-directed processes 

(interference suppression and response inhibition) the relationship between these 

various processes could be investigated. It could be the case that each stimulus-driven 

process is differentially related to each goal-directed process. Alternatively, it may be 
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the case that either goal-directed process could equivalently inhibit either stimulus-

driven process. 

As mentioned above, exploring the relationship between cognitive processes will 

be greatly enhanced by the development of biologically constrained computational 

models. While such models seem relatively rare in addiction, there are models of other 

psychopathology, including attention deficit hyperactivity disorder (Frank et al., 2006), 

that have share neurological mechanisms (i.e., imbalance between striatum and 

dorsolateral prefrontal circuits) The development of such computational models of 

aspects of addiction may provide the appropriate basis for the integration of the 

neuroanatomical literature (e.g., Koob & Volkow, 2010) with the cognitive experimental

work.

Importantly, there is the need for further work assessing the clinical utility of 

training techniques addressed in chapter 4 and the inhibition techniques from chapter 5. 

Beyond demonstrating that these procedures are clinically beneficial, further work could

investigate whether there is any additional beneficial outcome to combining training of 

action tendency, selective attention, response inhibition, as well as instructions to use 

techniques that rely on interference suppression. Answers to these important questions, 

are could lead to further progress in treatments for alcohol-use disorders.
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